
(19) J
Europalsches Patentamt

European Patent Office

Office europeen des brevets

(12)

(id EP1 134 872A2
EUROPEAN PATENT APPLICATION

(43) Date of publication: (51) lntCl7: H02K3/14, H02K 3/50
is.uj.zuu i Bulletin ^uu i /oo

(21) Application number: 00126510.7

(22) Date of filing: 08.12.2000

(84) Designated Contracting States: (72) Inventors:

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU • Imori, Hideo
MC NL PTSETR Chlyoda-ku, Tokyo 100-8310 (JP)
Designated Extension States: • Asao, Yoshlhito
ALLTLVMK RO SI Chlyoda-ku, Tokyo 100-8310 (JP)

(30) Priority: 13.03.2000 JP 2000068762 (74) Representative: HOFFMANN - EITLE
Patent- und Rectitsanwalte

(71) Applicant: MITSUBISHI DENKI KABUSHIKI Arabellastrasse 4
KAISHA 81925 Munchen (DE)
Tokyo 100-8310 (JP)

(54) Alternator stator winding assembly therefor, and method of manufacture for the stator
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(57) A stator winding includes a plurality of winding

sub-portions in each of which a strand of wire formed
from a continuous wire is wound so as to alternately oc-

cupy an inner layer and an outer layer in a slot depth
direction within slots at intervals of a predetermined
number of slots and form a lap winding having two turns

in each lap t the strands of wire folding over outside the

slots at end surfaces of a stator core, four of the strands

of wire constituting the winding sub-portions being

housed so as to line up in each of the slots in a slot depth

direction, turn portions formed by folding the strands of

wire over outside the slots at a first end surface of the

stator core being disposed circumferentially to form two
rows in a radial direction, and turn portions formed by

folding the strands of wire over outside the slots at a
second end surface of the stator core being disposed

circumferentially to form two layers in an axial direction.
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Description

BACKGROUND OF THE INVENTION

1 . Field of the Invention

[0001 ] The present invention relates to an automotive
alternator mounted to an automotive vehicle such as a
passenger car or a truck, for example, to a stator winding

assembly of the automotive alternator, and to a method
of manufacture for the stator winding assembly.

2. Description of the Related Art

[0002] To reduce the size and increase the output of

alternators driven by internal combustion engines, it is

necessary to increase the space factor of electrical con-
ductors housed within magnetic circuits of a stator, and
to line up and increase the density of crossover portions

(coil end portions) of a stator winding, and various im-

provements have been proposed, as for example in Jap-
anese Patent Laid-Open No. HEI 11-164506.

[0003] Figures 27 and 28 are perspectives from a
front end and a rear end, respectively, of part of a stator

winding of a conventional alternator of this type, and Fig-

ure 29 is a perspective showing a construction of a con-
ductor segment used in the stator winding of the con-
ventional alternator shown in Figures 27 and 28.

[0004] In Figures 27 to 29, a stator 90 is constituted

by a stator core 91 , a stator winding 92 constituted by a
number of electrical conductors disposed inside slots

91a formed in the stator core 91 , and insulators 93 pro-

viding electrical insulation between the stator core 91

and the electrical conductors.

[0005] In the stator core 91 of this conventional exam-
ple, ninety-six slots 91a are disposed at even pitch so
as to house two three-phase alternating current wind-
ings such that the number of slots housing each phase
portion of the three-phase alternating current windings
corresponds to the number of magnetic poles in a rotor.

Four electrical conductors are housed within each of the

slots 91 a so as to line up in one row in a radial direction,

and these electrical conductors are connected in a pre-

determined winding pattern to form the stator winding
92. Here, a first position, a second position, a third po-
sition, and a fourth position in a radial direction from an
inner circumferential side inside the slots 91a in which
the electrical conductors are housed will be called a first

address, a second address, a third address, and a fourth

address, respectively.

[0006] Large segments 95 and small segments 96 are

formed by bending short lengths of a conductor such as
copper into general U shapes in which pairs of straight

portions 95a and 96a are linked by turn portions 95b and
96b. The small segments 96 are inserted one at a time

from a rear end into pairs of slots 91 a six slots apart (a

pitch of one magnetic pole). Similarly, the large seg-
ments 95 are 'nsejted one a* tirre 're""! the *e=r
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into pairs of slots 91 a six slots apart (a pitch of one mag-
netic pole). Then, end portions of the large segments 95
and the small segments 96 extending outwards at a front

end are joined to each other to constitute the stator wind-
5 ing 92.

[0007] More specifically, in pairs of slots 91 a six slots

apart, the small segments 96 are inserted from the rear

end into the second address within first slots 91a and
into the third address within second slots 91a, and the

10 large segments 95 are inserted from the rear end into

the first address within the first slots 91a and into the

fourth address within the second slots 91 a. Thus, within

each of the slots 91a, two straight portions 95a of the

large segments 95 and two straight portions 96a of the
15 small segments 96 are disposed to line up in a row of

four in a radial direction.

[0008] Then, end portions 95c of the large segments
95 extending outwards at the front end from the first ad-

dress within the first slots 91 a are joined to end portions

20 96c of the small segments 96 extending outwards at the

front end from the second address within the second
slots 91 a six slots away in a clockwise direction from the

first slots 91a. In addition, the end portions 95c of the

large segments 95 extending outwards at the front end
25 from the fourth address within the first slots 91a are

joined to the end portions 96c of the small segments 96
extending outwards at the front end from the third ad-

dress within the second slots 91a six slots away in a
counter-clockwise direction from the first slots 91a.

30 Thus, two winding sub-portions are formed, which are

lap windings having two turns per lap. These two wind-

ing sub-portions are connected in series to form one
winding phase portion having four turns.

[0009] Similarly, a total of six winding phase portions

35 each having four turns are formed by offsetting by one
slot at a time the positions of the slots into which the

large segments 95 and the small segments 96 are in-

serted. Then, three each of these winding phase por-

tions are connected into each of the two three-phase

alternating current windings which constitute the stator

winding 92.

[001 0] In the conventional stator 90 constructed in this

manner, at the rear end of the stator core 91, the turn

portions 95b of the large segments 95 are disposed so
45 as to cover outer circumferential sides of the turn por-

tions 96b of the small segments 96 inserted into the

same pairs of slots 91a. As a result, the turn portions

95b and 96b are disposed circumferentially to constitute

a rear-end coil end group.

so [0011] At the front end of the stator core 91 , on the

other hand, joint portions formed by joining the end por-

tions 95c of the large segments 95 extending outwards
at the front end from the first address within the first slots

91a and the end portions 96c of the small segments 96
55 extending outwards at the front end from the second ad-

dress within the second slots 91a six slots away, and
joint portions formed by joining the end portions 95c of
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3 EP1 134 872 A2 4

end from the fourth address within the first slots 91a and a stator having a cylindrical stator core formed with
the end portions 96b of the small segments 96 extending a plurality of slots extending axially at a predeter-
outwards at the front end from the third address within mined pitch in a circumferential direction, and a sta-
the second slots 91 a six slots away are disposed to line tor winding installed into the stator core; and
up radially. As a result, joint portions formed by joining 5 a rotor for forming north-seeking (N) and south-
the end portions 95c and 96c to each other are disposed seeking (S) poles about a rotational circumference,
circumferentially in two rows in a radial direction to con- the rotor being disposed on an inner circumferential
stitute a front-end coil end group. side of the stator core, wherein
[0012] Because the stator winding 92 of the conven- the stator winding comprises a plurality of winding
tional alternator is constructed by inserting the large w sub-portions in each of which a strand of wire
segments 95 and the small segments 96 formed by formed from a continuous wire is wound so as to
bending the short lengths of conductor into general U alternately occupy an inner layer and an outer layer
shapes into the slots 91a of the stator core 91 from the in a slot depth direction within the slots at intervals
rear end and joining together the end portions of the seg- of a predetermined number of slots by folding over
ments extending outwards at the front end as explained 15 the strand of wire outside the slots at end surfaces
above, one problem has been that a large number of the of the stator core and form a lap winding having two
large segments 95 and the small segments 96 must be turns in each lap.

inserted into the slots 91 a of the stator core 91 and end
portions thereof must be joined one by one, significantly [0018] Four of the strands of wire constituting the
reducing workability and decreasing mass-producibility. 20 winding sub-portions may be housed so as to line up in

[0013] In addition, in order to join the end portions 95c each of the slots so as to occupy a first layer, a second
of the large segments 95 and the end portions 96c of layer, a third layer, and a fourth layer in a slot depth di-

the small segments 96, it is necessary to clamp a portion rection;

of each of the end portions 95c and 96c together using

a jig, and another problem has been that it is necessary 25 turn portions formed by folding the strands of wire
to extend the segments out by an extra amount from the over outside the slots at a first end surface of the
stator coil 91 to allow for the clamping, preventing the stator core may be disposed circumferentially to
stator 90 from being reduced in size. form two rows in a radial direction; and
[0014] In the conventional stator 90, because the end turn portions formed by folding the strands of wire
portions 95c and 96c are joined to each other by clamp- 30 over outside the slots at a second end surface of
ing portions thereof in a jig and welding the end portions the stator core may be disposed circumferentially
95c and 96c together, the height of the coil ends is in- to form two layers in an axial direction,

creased, and the large segments 95 and the small seg-
ments 96 are softened by temperature increases during [001 9] In each of slot pairs in which first and second
welding, leading to decreases in the rigidity of the stator. 35 slots forming each of the slot pairs are a predetermined
As a result, other probJems have been that when the number of slots apart:

conventional stator 90 is mounted to an alternator, coil

leakage reactance in the coil end portions is increased,

causing output to deteriorate, wind resistance is in-

creased, exacerbating wind noise, and rigidity of the sta- *o

tor is reduced, exacerbating magnetic noise.

SUMMARY OF THE INVENTION

[001 5] The present invention aims to solve the above 45

problems and an object of the present invention is to

provide a winding assembly for an alternator and a
method of manufacture therefor enabling mass-produc-
ibility to be improved and size to be reduced.

[0016] Another objective is to provide an alternator so

enabling coil end height to be lowered, enabling the

number of weld portions on the coil ends to be de-

creased, and enabling deterioration in output, wind
noise and magnetic noise to be suppressed.

[001 7] In order to achieve the above object, according 55

to one aspect of the present invention, there is provided [0020] The strands of wire may be installed two at a
an alternator including: time into slot sets constituted by slot groups disposed a

predetermined number of slots apart, the two strands of

the strand of wire housed in the first layer inside the

first slot may be folded over outside the slots at the

first end surface of the stator core and housed in

the second layer inside the second slot;

the strand of wire housed in the third layer of the

first slot may be folded over outside the slots at the

first end surface of the stator core and housed in

the fourth layer of the second slot;

the strand of wire housed in the third layer inside

the first slot may be folded over outside the slots at

the second end surface of the stator core and
housed in the second layer inside the second slot;

and

the strand of wire housed in the fourth layer of the

first slot may be folded over outside the slots at the

second end surface of the stator core and housed
in the first layer of the second slot.

3



5

wire installed in each of the slot sets constituting a first

strand of wire and a second strand of wire, and
the stator winding may be composed of a plurality

of stator winding phase portions, each of the stator wind-
ing phase portions comprising:

6

in the second slot of the first pair, and joining a first

end portion of the second strand of wire extending
outwards outside the slots at the second end sur-

face of the stator core from the third layer in the first

slot of the first pair to a second end portion of the

first strand of wire extending outwards outside the

slots at the second end surface of the stator core
from the first layer in the second slot of the second
pair, the first pair being one pair of the slots pair con-
stituting each of the slot sets,

wherein the second strand of wire extending out-

wards at the first end surface of the stator core from
the third layer in the first slot of a second pair and
from the fourth layer in the second slot of the second
pair is cut to constitute a neutral point and an output

wire of the stator winding phase portion, the second
pair being another pair of the slot pairs constituting

each of the slot sets.

[0022] In each of slot pairs in which first and second
slots forming each of the slot pairs are a predetermined
number of slots apart:

the strand of wire housed in the second layer inside

the first slot may be folded over outside the slots at

the first end surface of the stator core and housed
in the first layer inside the second slot;

the strand of wire housed in the third layer of the

first slot may be folded over outside the slots at the

first end surface of the stator core and housed in

the fourth layer of the second slot;

the strand of wire housed in the second layer inside

the first slot may be folded over outside the slots at

the second end surface of the stator core and
housed in the third layer inside the second slot; and
the strand of wire housed in the fourth layer of the

first slot may be folded over outside the slots at the

second end surface of the stator core and housed
in the first layer of the second slot.

[0023] The strands of wire may be installed two at a
time into slot sets constituted by slot groups disposed a
predetermined number of slots apart, the two strands of

wire installed in each of the slot sets constituting a first

strand of wire and a second strand of wire, and
the stator winding may be composed of a plurality

of statorwinding phase portions, each ofthe stator wind-
ing phase portions comprising:

a first winding sub-portion constructed by joining

first and second end portions of the first strand of

wire extending outwards outside the slots at the

second end surface of the stator core from the

fourth layer in the first slot of a first pair and the first

layer in the second slot of the first pair, the first pair

being one pair of the slot pairs constituting each of

the slot sets; and

a second winding sub-portion constructed by join-

a first winding sub-portion constructed by joining

first and second end portions of the first strand of

wire extending outwards outside the slots at the

second end surface of the stator core from the 10

fourth layer in the first slot of a first pair and the first

layer in the second slot of the first pair, the first pair

being one pair of the slot pairs constituting each of

the slot sets; and
a second winding sub-portion constructed by join- '5

ing first and second end portions of the second
strand of wire extending outwards outside the slots

at the second end surface of the stator core from
the third layer in the first slot of the first pair and the

second layer in the second slot of the first pair, 20

wherein each of the stator winding phase portions

is constructed by connecting the first and second
winding sub-portions in series by crossover con-
necting the first strand of wire extending outwards
outside the slots at the second end surface of the 25

stator core from the fourth layer in the first slot of a
second pair, and the second strand of wire extend-
ing outwards from the outside of the slots at the sec-

ond end surface of the stator core from the second
layer in the second slot of the second pair, the sec- 30

ond pair being another pair of the slot pairs consti-

tuting each of the slot sets, and
wherein the second strand of wire extending out-

wards at the second end surface of the stator core
from the third layer in the first slot of the second pair, 35

and the first strand of wire extending outwards at

the second end surface of the stator core from the

first layer in the second slot of the second pair con-
stitute a neutral point and an output wire ofthe stator

winding phase portion, respectively. 40

[0021] The strands of wire may be installed two at a
time into slot sets constituted by slot groups disposed a
predetermined number of slots apart, the two strands of

wire installed in each of the slot sets constituting a first *s

strand of wire and a second strand of wire, and

the stator winding may be composed of a plurality

of stator winding phase portions, each of the stator

winding phase portions being constructed by a first so

and second winding sub-portions which are con-
nected in series by joining a first end portion of the

first strand of wire extending outwards outside the

slots at the second end surface of the stator core
from the fourth layer in the first slot of a first pair to 55

a second end portion of the second strand of wire

extending outwards outside the slots at the second
end surface of the stator core from the second layer

EP1 134 872 A2
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ing first and second end portions of the second
strand of wire extending outwards outside the slots

at the second end surface of the stator core from

the second layer in the first slot of the first pair and
the third layer in the second slot of the first pair,

wherein each of the stator winding phase portions

is constructed by connecting the first and second
sub-portions in series by crossover connecting the

second strand of wire extending outwards outside

the slots at the first end surface of the stator core

from the third layer in the first slot of a second pair,

and the first strand of wire extending outwards from

the outside of the slots at the first end surface of the

stator core from the first layer in the second slot of

the second pair, the second pair being another pair

of the slot pairs constituting each of the slot sets,

and

wherein the first strand of wire extending outwards

at the first end surface of the stator core from the

second layer in the first slot of the second pair, and
the second strand of wire extending outwards at the

first end surface of the stator core from the fourth

layer in the second slot of the second pair constitute

a neutral point and an output wire of the stator wind-

ing phase portion, respectively.

[0024] Four of the strands of wire constituting the

winding sub-portions may be housed so as to line up in

each of the slots so as to occupy a first layer, a second
layer, a third layer, and a fourth layer in a slot depth di-

rection;

turn portions formed by folding the strands of wire

over outside the slots at a first end surface of the

stator core may be disposed circumferentially to

form two rows in a radial direction; and
turn portions formed by folding the strands of wire

over outside the slots at a second end surface of

the stator core may be disposed in one row circum-

ferentially.

[0025] According to another aspect of the present in-

vention, there is a winding assembly for an alternator,

the winding assembly including a winding group com-
posed of 2n winding sub-portions disposed at a pitch of

p, each of the winding sub-portions being constructed

by folding and bending one strand of wire formed from

a continuous wire into a pattern, the pattern having:

first straight portions disposed at a pitch of 2np;

second straight portions disposed at the pitch of 2np
being offset by an amount w to a first side in a width

direction from the first straight portions and offset

by an amount np forwards relative to a direction of

disposal of the first straight portions;

third straight portions disposed at the pitch of 2np
being offset by the amount w to the first side in the

width direction from the second portions and offset

by the amount np backwards relative to the direction

of disposal of the second straight portions;

fourth straight portions disposed at the pitch of 2np
being offset by the amount w to the first side in the

width direction from the third straight portions and
offset by the amount np forwards relative to the di-

rection of disposal of the third straight portions;

first turn portions linking first ends of the first straight

portions to first ends of the second straight portions

offset by the amount np forwards relative to the di-

rection of disposal of the first straight portions;

second turn portions linking second ends of the sec-

ond straight portions to second ends of the third

straight portions offset by the amount np backwards
relative to the direction of disposal of the second
straight portions;

third turn portions linking first ends of the third

straight portions to first ends of the fourth straight

portions offset by the amount np forwards relative

to the direction of disposal of the third straight por-

tions; and

fourth turn portions linking second ends of the fourth

straight portions to second ends of the first straight

portions offset by the amount np forwards relative

to the direction of disposal of the fourth straight por-

tions, wherein

the winding sub-portions are disposed parallel to

each other at the pitch of p in the direction of dis-

posal such that the first to fourth straight portions

form four layers in the width direction,

the first turn portions are disposed parallel to each
other at the pitch of p and the third turn portions are

disposed parallel to each other at the pitch of p such
that the first turn portions and the third turn portions

form two rows in the direction of disposal, and
the second turn portions are disposed parallel to

each other at the pitch of p and the fourth turn por-

tions are disposed parallel to each other at the pitch

of p such that the second turn portions and the

fourth turn portions form two layers in a longitudinal

direction of the straight portions.

[0026] According to another aspect of the present in-

vention, there is a winding assembly for an alternator,

the winding assembly comprising a winding group com-
posed of 2n winding sub-portions disposed at a pitch of

p, each of the winding sub-portions being constructed

by folding and bending one strand of wire formed from

a continuous wire into a pattern, the pattern having:

first straight portions disposed at a pitch of 2np;

second straight portions disposed at the pitch of 2np
being offset by an amount w to a first side in a width

direction from the first straight portions and offset

by an amount np forwards relative to a direction of

disposal of the first straight portions;

third straight portions disposed at the pitch of 2np
being offset by the amount w to the first side in the
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9 EP1 134 872 A2 10

width direction from the second portions and offset

by the amount np forwards relative to the direction

of disposal of the second straight portions;

fourth straight portions disposed at the pitch of 2np
being offset by the amount w to the first side in the 5

width direction from the third straight portions and
offset by the amount np backwards relative to the

direction of disposal of the third straight portions;

first turn portions linking first ends of the first straight

portions to first ends of the second straight portions 10

offset by the amount np forwards relative to the di-

rection of disposal of the first straight portions;

second turn portions linking second ends of the sec-

ond straight portions to second ends of the third

straight portions offset by the amount np forwards is

relative to the direction of disposal of the second
straight portions;

third turn portions linking first ends of the third

straight portions to first ends of the fourth straight

portions offset by the amount np backwards relative 20

to the direction of disposal of the third straight por-

tions; and
fourth turn portions linking second ends of the fourth

straight portions to second ends of the first straight

portions offset by the amount np forwards relative 25

to the direction of disposal of the fourth straight por-

tions, wherein

the winding sub-portions are disposed parallel to

each other at the pitch of p in the direction of dis-

posal such that the first to fourth straight portions 30

form four layers in the width direction,

the first turn portions are disposed parallel to each
other at the pitch of p and the third turn portions are

disposed parallel to each other at the pitch of p such
that the first turn portions and the third turn portions 35

form two rows in the direction of disposal, and
the second turn portions are disposed parallel to

each other at the pitch of p and the fourth turn por-

tions are disposed parallel to each other at the pitch

of p such that the second turn portions and the 40

fourth turn portions form two layers in a longitudinal

direction of the straight portions.

[0027] According to another aspect of the present in-

vention, there is a method of manufacture for a winding *5

assembly for an alternator, the method including steps

of:

disposing a group of 2n straight strands of wire at

a pitch p in a first plane; so

forming a lightning-bolt shaped pattern composed
of a plurality of basic patterns by folding and bend-
ing the group of strands of wire in the plane, each
of the basic patterns comprising:

55

first straight portions having a length
fo;

second straight portions having the length l0 be-

ing linked to the first straight portions by first

inclined portions having a length I,, the second
straight portions being offset by an amount np
to a first side in a direction of disposal of the

strands of wire relative to the first straight por-

tions;

third straight portions having the length l0 being

linked to the second straight portions by second
inclined portions having the length l 1t the third

straight portions being offset by the amount np
to a second side in a direction of disposal of the

strands of wire relative to the second straight

portions; and

fourth straight portions having the length l0 be-

ing linked to the third straight portions by third

inclined portions having the length I, , the fourth

straight portions being offset by the amount np
to the first side in a direction of disposal of the

strands of wire relative to the third straight por-

tions,

wherein the lightning-bolt shaped pattern is

constructed by repeating the basic pattern a
predetermined number of times by offsetting

the basic pattern to the first side in the direction

of disposal of the strands of wire by fourth in-

clined portions having a length l2 , the length l2
being greater than the length

forming a flattened cylindrical body by folding over
the group of strands of wire formed into the light-

ning-bolt shaped pattern in a first direction at central

portions of the first and the third inclined portions,

the cylindrical body being constructed by helically

winding the group of strands of wire such that the

second and third straight portions linked by the sec-

ond inclined portions and the first and fourth straight

portions linked by the fourth inclined portions alter-

nately occupy the first plane and a second plane;

and
forming a winding group by folding over the cylin-

drical body at central portions of the second and the

fourth inclined portions in a second direction such
that the second and the third straight portions face

each other, wherein

the first to fourth straight portions are disposed
parallel to each other at the pitch of p in the di-

rection of disposal such that the first to fourth

straight portions form four layers in the width

direction,

.,first turn portions formed by folding over the

group of strands of wire at the first inclined por-

tions are disposed parallel to each other at the

pitch of p and third turn portions formed by fold-

ing over the group of strands of wire at the third

inclined portions are disposed parallel to each
other at the pitch of p such that-the first turn

portions and the third turn portions form two
rows in the direction of disposal, and

6



11 EP1 134 872 A2 12

second turn portions of the strands of wire

formed by folding over the cylindrical body at

the second inclined portions are disposed par-

allel to each other at the pitch of p and the fourth

turn portions of the strands of wire formed by 5

folding over the cylindrical body at the fourth in-

clined portions are disposed parallel to each
other at the pitch of p such that the second turn

portions and the fourth turn portions form two
layers in a longitudinal direction of the straight 10

portions.

[0028] According to another aspect of the present in-

vention, there is a method of manufacture for a winding

assembly for an alternator, the method including steps 15

of:

disposing a group of 2n straight strands of wire at

a pitch p in a first plane;

forming a lightning-bolt shaped pattern composed 20

of a plurality of basic patterns by folding and bend-
ing the group of strands of wire in the plane, each
of the basic patterns comprising:

first straight portions having a length Iq; 25

second straight portions having the length l0 be-

ing linked to the first straight portions by first

inclined portions having a length l1f the second
straight portions being offset by an amount np
to a first side in a direction of disposal of the 30

strands of wire relative to the first straight por-

tions;

third straight portions having the length l0 being

linked to the second straight portions by second
inclined portions having the length l 1f the third 35

straight portions being offset by the amount np
to the first side in a direction of disposal of the

strands of wire relative to the second straight

portions; and
fourth straight portions having the length J0 be- 40

ing linked to the third straight portions by third

inclined portions having the length l1t the fourth

straight portions being offset by the amount np
to a second side in a direction of disposal of the

strands of wire relative to the third straight por- 45

tions,

wherein the lightning-bolt shaped pattern is

constructed by repeating the basic pattern a

predetermined number of times by offsetting

the basic pattern to the first side in the direction so

of disposal of the strands of wire by fourth in-

clined portions having a length 12, the length

12 being greater than the length I-,;

forming a flattened cylindrical body by folding over 55

the group of strands of wire formed into the light-

ning-bolt shaped pattern in a first direction at central

portions of the first and the third inclined portions,

the cylindrical body being constructed by helically

winding the group of strands of wire such that the

second and third straight portions linked by the sec-

ond inclined portions and the first and fourth straight

portions linked by the fourth inclined portions alter-

nately occupy the first plane and a second plane;

and

forming a winding group by folding over the cylin-

drical body at central portions of the second and the

fourth inclined portions in a second direction such
that the second and the third straight portions face

each other, wherein

the first to fourth straight portions are disposed
parallel to each other at the pitch of p in the di-

rection of disposal such that the first to fourth

straight portions form four layers in the width

direction,

first turn portions formed by folding over the

group of strands of wire at the first inclined por-

tions are disposed parallel to each other at the

pitch of p and third turn portions formed by fold-

ing over the group of strands of wire at the third

inclined portions are disposed parallel to each
other at the pitch of p such that the first turn

portions and the third turn portions form two
rows in the direction of disposal, and
second turn portions of the strands of wire

formed by folding over the cylindrical body at

the second inclined portions are disposed par-

allel to each other at the pitch of p and the fourth

turn portions of the strands of wire formed by
folding over the cylindrical body at the fourth in-

clined portions are disposed parallel to each
other at the pitch of p such that the second turn

portions and the fourth turn portions form two
layers in a longitudinal direction of the straight

portions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029]

Figure 1 is a cross section showing a construction

of an alternator according to Embodiment 1 of the

present invention;

Figure 2 is a perspective showing a stator of this

alternator viewed from a rear end;

Figure 3 is a perspective showing the stator of this

alternator viewed from a front end;

Figure 4 is a rear end elevation explaining connec-
tions in one stator winding phase portion in this al-

ternator;

Figure 5 is a circuit diagram for this alternator;

Figure 6 is a diagram explaining a winding assem-
bly forming process in a method of manufacture for

the stator of the alternator according to Embodi-
ment 1 of the present invention;

7
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Figure 7 is a diagram explaining the winding assem-
bly forming process in the method of manufacture
for the stator of the alternator according to Embod-
iment 1 of the present invention;

Figure 8 is a diagram explaining the winding assem- 5

bly forming process in the method of manufacture
for the stator of the alternator according to Embod-
iment 1 of the present invention;

Figure 9 is a diagram explaining the winding assem-
bly forming process in the method of manufacture 10

for the stator of the alternator according to Embod-
iment 1 of the present invention;

Figure 10 is a plan showing the winding assembly
used in the stator of the alternator according to Em-
bodiment 1 of the present invention; 15

Figure 1 1 is a perspective showing the stator of the

alternator according to Embodiment 1 of the

present invention;

Figure 12A is a diagram explaining the method of

manufacture for the stator of the alternator accord- 20

ing to Embodiment 1 of the present invention;

Figure 12B is a diagram explaining the method of

manufacture for the stator of the alternator accord-
ing to Embodiment 1 of the present invention;

Figure 12C is a diagram explaining the method of 25

manufacture for the stator of the alternator accord-

ing to Embodiment 1 of the present invention;

Figure 1 3 is a rear end elevation explaining connec-
tions in one stator winding phase portion in an al-

ternator of a comparative example; 30

Figure 14 is a front end elevation explaining con-
nections in one stator winding phase portion in an
alternator according to Embodiment 2 of the

present invention;

Figure 15 is a perspective showing a stator of this 35

alternator viewed from the rear end;

Figure 16 is a perspective showing a stator of this

alternator viewed from the front end;

Figure 1 7 is a rear end elevation explaining connec-
tions in one stator winding phase portion in an al- 40

ternator according to Embodiment 3 of the present

invention;

Figure 18 is a perspective showing a stator of this

alternator viewed from the rear end;

Figure 1 9 is a perspective showing the stator of this <*5

alternator viewed from the front end;

Figure 20 is a diagram explaining a winding assem-
bly forming process in the method of manufacture
for the stator of the alternator according to Embod-
iment 3 of the present invention; 50

Figure 21 is a diagram explaining the winding as-

sembly forming process in the method of manufac-
ture for the stator of the alternator according to Em-
bodiment 3 of the present invention;

Figure 22 is a diagram explaining the winding as- 55

sembly forming process in the method of manufac-
ture for the stator of the alternator according to Em-
bodiment 3 of the present invention;

Figure 23 is a plan showing the winding assembly
used in the stator of the alternator according to Em-
bodiment 3 of the present invention;

Figure 24 is a perspective showing a stator of the

alternator according to Embodiment 4 of the

present invention viewed from the rear end;

Figure 25 is a perspective showing the stator of the

alternator according to Embodiment 4 of the

present invention viewed from the front end;

Figure 26 is a diagram explaining a winding assem-
bly forming process in a method of manufacture for

the stator of the alternator according to Embodi-
ment 4 of the present invention;

Figure 27 is a perspective of part of a stator winding

of a conventional alternator viewed from the front

end;

Figure 28 is a perspective of part of the stator wind-

ing of the conventional alternator viewed from the

rear end; and
Figure 29 is a perspective showing a construction

of a conductor segment used in the stator winding
of the conventional alternator.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0030] The preferred embodiments of the present in-

vention will now be explained with reference to the draw-
ings.

Embodiment 1

[0031] Figure 1 is a cross section showing a construc-

tion of an alternator according to Embodiment 1 of the

present invention, Figures 2 and 3 are perspectives

showing a stator of this alternator viewed from a rear

end and a front end, respectively, Figure 4 is a rear end
elevation explaining connections in one stator winding

phase portion in this alternator, and Figure 5 is a circuit

diagram for this alternator. Figures 6 to 9 are diagrams
explaining a winding assembly forming process in a
method of manufacture for the stator of the alternator

according to Embodiment 1 of the present invention,

and Figure 10 is a plan showing the winding assembly
used in the stator of the alternator according to Embod-
iment 1 of the present invention. Figure 11 is a perspec-
tive showing the stator of the alternator according to Em-
bodiment 1 of the present invention, and Figures 12A,
12B, and 12C are diagrams explaining the method of

manufacture for the stator of the alternator according to

Embodiment 1 of the present invention. Moreover, in

Figures 2 and 3, crossover connections, neutral points,

and output wires have been omitted.

[0032] In Figure 1 , an automotive alternator is con-

structed by rotatably mounting a Lundell-type rotor 7 by
means of a shaft 6 inside a case 3 constructed from an
aluminum front bracket 1 and an aluminum rear bracket

2. and fastening a stator 8 to an inner wall of the case

8
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3 so as to cover an outer circumferential side of the rotor

7.

[0033] The shaft 6 is rotatably supported in the front

bracket 1 and the rear bracket 2. A pulley 4 is fastened

to a first end of this shaft 6 so that rotational torque from 5

an engine can be transmitted to the shaft 6 by means of

a belt (not shown).

[0034] Slip rings 9 for supplying electric current to the

rotor 7 are fastened to a second end of the shaft 6, and
a pair of brushes 10 are housed in a brush holder 11 10

disposed inside the case such that the pair of brushes
10 slide in contact with the slip rings 9. A regulator 18
for adjusting the magnitude of alternating voltage gen-
erated in the stator 8 is fastened by adhesive to a heat
sink 17 fitted onto the brush holder 11. Rectifiers 12 *5

which are electrically connected to the stator 8 and con-
vert alternating current generated in the stator 8 into di-

rect current are mounted inside the case 3.

[0035] The rotor 7 is composed of a rotor coil 13 for

generating magnetic flux on passage of electric current, 20

and a pair of pole cores 20 and 21 disposed so as to

cover the rotor coil 13, magnetic poles being formed in

the pole cores 20 and 21 by magnetic flux generated in

the rotor coil 13. The pair of pole cores 20 and 21 are

made of iron, each has eight claw-shaped magnetic 25

poles 22 and 23 disposed on an outer circumferential

perimeter at even pitch in a circumferential direction so
as to project axially, and the pole cores 20 and 21 are

fastened to the shaft 6 facing each other such that the

claw-shaped magnetic poles 22 and 23 intermesh. In 30

addition, fans 5 are fastened to first and second axial

ends of the rotor 7.

[0036] Front-end and rear-end air intake openings la

and 2a are disposed in axial end surfaces of the front

bracket 1 and the rear bracket 2, and front-end and rear- 35

end air discharge openings 1b and 2b are disposed in

two outer circumferential shoulder portions of the front

bracket 1 and the rear bracket 2, opposite the radial out-

side of front-end and rear-end coil ends 16f and 16r of

the stator winding 16. 40

[0037] As shown in Figures 2 and 3, the stator 8 in-

cludes: a cylindrical stator core 1 5 composed of a lam-

inated core formed with a number of slots 1 5a extending

axially at a predetermined pitch in a circumferential di-

rection; a stator winding 16 wound onto the stator core 45

15; and insulators 19 installed in each of the slots 15a
for electrically insulating the stator winding 16 from the

stator core 1 5. The stator winding 1 6 includes a number
of winding sub-portions in each of which one strand of

wire 30 is folded over outside the slots 1 5a at end sur- so

faces of the stator core 1 5 and wound so as to alternate-

ly occupy an inner layer and an outer layer in a slot depth
direction within slots 15a a predetermined number of

slots apart, being wound into a lap winding having two
turns in each lap. In addition, four strands of wire 30 are 55

disposed in one row in the slot depth direction within

each of the slots 1 5a, turn portions of the strands of wire

30 which are formed by being folded over outside the

slots 15a at the front end of stator core 15 being dis-

posed in a circumferential direction so as to be aligned

in two rows in a radial direction constituting the front-

end coil end group 16f, and turn portions of the strands

of wire 30 which are formed by being folded over outside

the slots 1 5a at the rear end of stator core 1 5 being dis-

posed in a circumferential direction so as to overlap in

two layers in an axial direction constituting the rear-end

coil end group 16r.

[0038] In this case, the stator core 15 is formed with

ninety-six slots 15a at even pitch so as to house two
three-phase alternating -current windings 160 such that

the number of slots housing each phase portion of the

alternating-current windings 160 corresponds to the

number of magnetic poles (sixteen) in the rotor 7. In oth-

er words, there are two slots per pole per phase. Long,
insulated copper wire material having a rectangular

cross section, for example, is used in the strands of wire

30.

[0039] Next, the winding construction of one stator

winding phase portion 1 61 will be explained in detail with

reference to Figure 4. In Figure 4, the rear-end wiring of

the strands of wire is indicated by solid lines, the front-

end wiring of the strands of wire is indicated by broken
lines, and the connecting portions of the strands of wire

are indicated by black dots.

[0040] One stator winding phase portion 161 is con-
stituted by first and second winding sub-portions 31 and
32 each composed of one strand of wire 30.

[0041] The first winding sub-portion 31 is constructed

into a lap winding having two turns per lap in which, in

pairs of slots constituted by Slot Numbers (1 2m + 1 ) and
Slot Numbers (12m + 7) of the slots 15a, one strand of

wire 30 is passed from the rear end to the front end in

the first address of Slot Numbers (12m + 1) of the slots

15a, then passed from the front end to the rear end in

the second address of Slot Numbers (12m + 7) of the

slots 15a, thereafter passed from the rear end to the

front end in the third address of Slot Numbers (12m +

1 ) of the slots 1 5a, and then passed from the front end
to the rear end in the fourth address of Slot Numbers
(12m + 7) of the slots 15a. Here, m = 0, 1,2, ... 7.

[0042] The second winding sub-portion 32 is con-

structed into a lap winding having two turns per lap in

which, in pairs of slots constituted by Slot Numbers (12m
+ 7) and Slot Numbers [12 (m + 1 ) + 1 } of the slots 1 5a,

one strand of wire 30 is passed from the rear end to the

front end in the first address of Slot Numbers (12m + 7)

of the slots 15a, then passed from the front end to the

rear end in the second address of Slot Numbers {1 2 (m
+ 1) + 1} of the slots 15a, thereafter passed from the

rear end to the front end the third address of Slot Num-
bers (12m + 7) of the slots 15a, and then passed from

the front end to the rear end in the fourth address of Slot

Numbers {12 (m + 1) + 1} of the slots 15a. Here, Slot

Number 97 corresponds to Slot Number 1.

[0043] Thus, each of the first and second winding sub-

portions 31 and 32 constitutes a winding sub-portion in

9
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which a single strand of wire 30 is wound into a lap wind-

ing having two turns per lap so as to alternately occupy
an inner layer and an outer layer in a slot depth direction

in every sixth slot 15a. Four strands of wire 30 are dis-

posed to line up in one row in a radial direction within

each slot 15a with the longitudinal direction of the rec-

tangular cross sections thereof aligned in a radial direc-

tion.

[0044] Next, at the rear end of the stator core 1 5, the

turn portion of the first winding sub-portion 31 linking the

fourth address of Slot Number 43 and the first address
of Slot Number 49 is cut, and the turn portion of the sec-

ond winding sub-portion 32 linking the third address of

Slot Number 43 and the second address of Slot Number
49 is also cut. Then, a first cut end 3 1 a of the first winding

sub-portion 31 extending from the fourth address of Slot

Number 43 and a second cut end 32b of the second
winding sub-portion 32 extending from the second ad-

dress of Slot Number 49 are crossover-connected by
arc welding, for example, to connect the first and second
winding sub-portions 31 and 32 in series. Thus, a stator

winding phase portion 161 having four turns is formed.

[0045] A first cut end 32a of the second winding sub-
portion 32 extending from the third address of Slot

Number 43 and a second cut end 31 b of the first winding

sub-portion 31 extending from the first address of Slot

Number 49 become a neutral point (N) and an output
wire (O), respectively, of the stator winding phase por-

tion 161.

[0046] Thus, a total of six stator winding phase por-

tions 161 are formed by installing the strands of wire 30
into the stator core 1 5 such that the slots 1 5a into which
the strands of wire 30 are inserted are offset by one slot

at a time and connecting the strands of wire 30. Thus,
the stator 8 obtained includes the stator winding 16
which is wound into the stator core 15 as shown in Fig-

ures 2 and 3.

[0047] As shown in Figure 5, the two three-phase al-

ternating-current windings 160 are constructed by star-

connecting such that the three stator winding phase por-

tions 161 therein have a phase difference correspond-
ing to an electrical angle of 120° from each other. Fur-

thermore, the two three-phase alternating-current wind-

ings 1 60 are wound onto the stator core 1 5 so as to have
a phase difference of 30° from each other. Each of these
two three-phase alternating-current windings 160 is

connected to its own rectifier 12. The rectifiers 12 are

connected in parallel such that the direct-current output

from each is combined.

[0048] In the alternator constructed in this manner,
electric current is supplied from a battery (not shown)
through the brushes 10 and the slip rings 9 to the rotor

coil 13, generating magnetic flux. The claw-shaped
magnetic poles 22 of the first pole core 20 are magnet-
ized with north-seeking (N) poles by this magnetic flux,

and the claw-shaped magnetic poles 23 of the second
pole core 21 are magnetized with south-seeking (S)

poles. At the same time, rotational torque from the en-

gine is transmitted through the belt and the pulley 4 to

the shaft 6, rotating the rotor 7. Thus, a rotating magnetic
field is applied to the stator winding 1 6, generating elec-

tromotive force in the stator winding 16. This alternating

5 electromotive force passes through rectifiers 12 and is

converted into direct current, the output thereof is ad-

justed by a regulator 18, and the battery is recharged.

[0049] At the rear end, external air is drawn in through

the rear-end air intake openings 2a disposed opposite
10 heat sinks of the rectifiers 12 and a heat sink 17 of the

regulator 18, respectively, by rotation of the fan 5, flow-

ing along the axis of the shaft 6, cooling the rectifiers 1

2

and the regulator 18, and is then deflected centrifugally

by the fan 5, cooling the rear-end coil end group 16r of

15 the stator winding 16 before being expelled to the out-

side through the rear-end air discharge openings 2b. At

the same time, at the front end, external air is drawn in

axially through the front-end air intake openings la by
the rotation of the fan 5, and is then deflected centrifu-

ge galJy by the fan 5, cooling the front-end coil end group
1 6f of the stator winding 1 6 before being expelled to the

outside through the front-end air discharge openings 1 b.

[0050] Thus, heat generated in the rectifiers 12, the

regulator 18, the stator 8, the rotor 7, etc., is dissipated,

25 and temperature increases in these heat-generating

components are suppressed.

[0051] In Embodiment 1, the stator winding phase
portions 161 constituting the stator winding 16 include

the first and second winding sub-portions 31 and 32
30 which are each formed by one strand of wire 30. The

first and second winding sub-portions 31 and 32 are

each formed into a lap winding having two turns per lap

by winding one strand of wire 30 in order one turn at a
time into pairs of slots, the slots in each pair being six

35 slots apart and each pair being disposed at a pitch of

twelve slots, the first and second winding sub-portions

31 and 32 also being formed so as to alternately occupy
an inner layer and an outer layer in a slot depth direction

in every sixth slot 15a. Four strands of wire 30 are dis-

*o posed to line up in one row in a slot depth direction within

each slot 15a. The turn portions of the strands of wire

30 which link different layers in slots 1 5a six slots apart

at the end surfaces of the stator core 15 constitute the

coil ends.

45 [0052] At the front end of the stator core 1 5, the turn

portions linking the first address (a first layer) to the sec-

ond address (a second layer) and the turn portions link-

ing the third address (a third layer) to the fourth address
(a fourth layer) are formed into a substantially identical

so shape, mutually spaced circu inferential Iy and radially,

and disposed neatly in a circumferential direction in two
rows to form the front-end coil end group 1 6f. At the rear

end of the stator core 15, the turn portions linking the

first address (the first layer) to the fourth address (the

55 fourth layer) and the turn portions linking the second ad-

dress (the second layer) to the third address (the third

layer) are mutually spaced in an axial direction and
formed into two layers, mutually spaced circumferential-

10
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ly, and disposed neatly in a circumferential direction to

form the rear-end coil end group 16r.

[0053] In the stator 8 constructed in this manner, be-

cause the coil ends are constituted by the turn portions

of the strands of wire 30, that is, by continuous wires, 5

the number of joints can be significantly reduced, ena-

bling the coil end height to be lowered, softening of the

strands of wire 30 due to temperature increases during

welding to be reduced, and reductions in rigidity of the

stator to be suppressed compared to the conventional 10

stator 90 in which the coil ends are constructed by
clamping portions of the end portions 95c and 96c of the

U-shaped large segments 95 and the small segments
96 in a jig and welding the end portions 95c and 96c
together. As a result, an alternator can be provided in 15

which coil leakage reactance in the coil end portions is

reduced, improving output, wind resistance is reduced,

alleviating wind noise, and deterioration in rigidity is re-

duced, reducing magnetic noise, compared to an alter-

nator mounted with the conventional stator 90. 20

[0054] The coil end groups 1 6f and 1 6r can be formed
into a generally identical shape circumferentially, sup-

pressing circumferential irregularities on radially inner

edge surfaces of the coil end groups 16f and 16r, ena-
bling wind noise generated between the rotor 7 and the 25

coil end groups 16a and 16b to be reduced

[0055] Because the axial height of the coil end groups
16f and 16r is lowered and the number of joint portions

is reduced, interference noise between the cooling air

flow formed by the fans 5 and the coil end groups 16f 30

and 1 6r is also reduced.

[0056] Next, the assembly of the stator 8 will be ex-

plained with reference to Figures 6 to 1 2.

[0057] First, twelve long strands of wire 30 are dis-

posed parallel to each other at a pitch (p) of one slot and 35

simultaneously folded and bent in the same plane to

form a lightning-bolt shape. As shown in Figures 6 and
7, this group of strands of wire 30 folded and bent into

the lightning-bolt shape is formed by repeating a basic

pattern a predetermined number of times, the basic pat- *o

tern being formed by the first to fourth straight portions

30a to 30d which have a length (l0 ) equivalent to the

groove length of the slots 1 5a, in which the first and sec-

ond straight portions 30a and 30b are offset at a pitch

of six slots (6p) on a first side in a direction of disposal 45

of the strands of wire 30 and linked by first inclined por-

tions 30e, the second and third straight portions 30b and
30c are offset at a pitch of six slots (6p) on a second
side in the direction of disposal of the strands of wire 30
and linked by second inclined portions 30f, and the third so

and fourth straight portions 30c and 30d are offset at a
pitch of six slots (6p) on the first side in the direction of

disposal of the strands of wire 30 and linked by third

inclined portions 30g, this basic pattern being repeated

such that adjacent fourth and first straight portions 30d 55

and 30a are offset at a pitch of six slots (6p) on the first

side in the direction of disposal of the strands of wire 30
and linked by fourth inclined portions 30h. At this time,

spacing between each of the first to fourth straight por-

tions 30a to 30d is \
}

, and spacing l2 between the adja-

cent first and fourth straight portions 30a and 30d is

formed so as to be larger than the spacing lv
[0058] Then, as indicated by arrows in Figures 6 and
7, a flattened cylindrical body 40 is formed in which the

second and third straight portions 30b and 30c which

are linked by the second inclined portions 30f and the

fourth and first straight portions 30d and 30a which are

linked by the fourth inclined portions 30h are wound hel-

ically so as to alternately occupy a first plane and a sec-

ond plane by folding over the first and third inclined por-

tions 30e and 30g in the same direction at central por-

tions thereof. As shown in Figure 8, this cylindrical body
40 is constructed by arranging the second and third

straight portions 30b and 30c, which are linked by the

second inclined portions 30f, at a pitch of one slot in the

first plane, and arranging the fourth and first straight por-

tions 30d and 30a, which are linked by the fourth inclined

portions 30h, at a pitch of one slot in the second plane.

[0059] Then, as shown in Figure 8, terminal process-

ing is performed by cutting six of the third straight por-

tions 30c at central portions A at a first end portion of

the cylindrical body 40, and cutting six of the second
straight portions 30b at central portions B at a second
end portion of the cylindrical body 40 to form connecting

portions with other end portions of the strands of wire 30.

[0060] Thereafter, a winding assembly 41, shown in

Figure 10, is prepared by folding over the cylindrical

body 40 at central portions of the second inclined por-

tions 30f and the fourth inclined portions 30h which are

disposed at a pitch of one slot such that the second
straight portions 30b and the third straight portions 30c
face each other, as indicated by arrows in Figures 8 and
9.

[0061] In this winding assembly 41 , the first to fourth

straight portions 30a to 30d are disposed at a pitch p so

as to be lined up in four layers at a pitch w equal to the

width of the strands of wire 30 in the width direction of

the strands of wire 30, on a first side of which the folded

first inclined portions 30e, which function as first turn

portions, and the folded third inclined portions 30g,

which function as third turn portions, are disposed at a

pitch of one slot in the direction of disposal of the straight

portions to form two rows. On a second side, the folded

second inclined portions 30f, which function as second
turn portions, and the folded fourth inclined portions 30h,

which function as fourth turn portions, are disposed at

a pitch of one slot in the direction of disposal of the

straight portions to form two layers.

[0062] Here, lead portions of the output wires and the

neutral points extend outwards from the fourth inclined

portions 30h of the winding assembly 41 , and these lead

portions are formed by drawing out specific strands of

wire 30 during the process of folding and bending the

strands of wire 30 into the lightning-bolt shape.

[0063] Meanwhile, a parallelepiped laminated core 42
is prepared as shown in Figure 11 by laminating a pre-

11
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determined number of sheets of SPCC material which

is a magnetic material formed with trapezoidal slots 42a
at a predetermined pitch (an electrical angle of 30°) and
laser welding an outer portion thereof.

[0064] As shown in Figure 12A, the insulators 19 are

mounted in the slots 42a of the laminated core 42, and
the first to fourth straight portions 30a to 30d of the wind-

ing assembly 41 are inserted so as to stack up within

each of the slots 42a. Thus, the winding assembly 41 is

installed in the laminated core 42 as shown in Figure

12B. At this time, straight portions of the strands of wire

30 are housed in lines of four in a radial direction within

the slots 42a and are electrically insulated from the lam-

inated core 42 by the insulators 19.

[0065] Next, the laminated core 42 is rolled up and its

ends abutted and welded to each other to obtain the cy-

lindrical stator core 15, as shown in Figure 12C.

[0066] Then, end portions of the same strand of wire

30 are connected so that first and second winding sub-

portions 31 and 32 which are wound into slot groups dis-

posed at a pitch of six slots each form lap windings hav-

ing two turns per lap. Then, as explained previously, the

two three-phase alternating-current windings 160 are

obtained by cutting each of the lead portions of the wind-

ing assembly 41, forming the crossover connections,

then connecting the neutral points.

[0067] Thus, the stator 8 obtained is formed by install-

ing the stator winding 16 composed of the two three-

phase alternating-current windings 160 into the stator

core 15.

[0068] Thus, in Embodiment 1 , because the winding

assembly 41 is formed by arranging the twelve strands

of wire 30 in the same plane at a pitch of one slot, folding

and bending the twelve strands of wire 30 to form the

lightning-bolt shaped pattern shown in Figures 6 and 7,

forming the cylindrical body 40 in which the second and
third straight portions 30b and 30c which are linked by
the second inclined portions 30f and the fourth and first

straight portions 30d and 30a which are linked by the
fourth inclined portions 30h are wound helically by fold-

ing back the first and third inclined portions 30e and 30g
in the same direction at central portions thereof, and
then folding the cylindrical body 40 over at central por-

tions of the second and fourth inclined portions 30f and
30h, a winding assembly can be easily manufactured
which alternately occupies an inner layer and an outer

layer in a slot depth direction in every sixth slot 1 5a and
constitutes a lap winding having two turns per lap.

[0069] Because the winding assembly 41 prepared in

this manner is used, six stator winding phase portions

161 can be installed into the stator core 1 5 by installing

one winding assembly 41 into the stator core 1 5. Thus,
the complex operation of inserting a large number of

segments into the slots of the stator core and joining the

end portions thereof together one by one is no longer

required, significantly improving assembly and worka-
bility, thereby enabling producibility to be increased. In

addition, cases in which the number of turns in the stator

winding is increased can easily be adapted for by stack-

ing and installing a plurality of the winding assemblies
41 into the stator core 15.

[0070] Because the coil ends are constituted by the

5 turn portions of the strands of wire 30, the number of

joints in the coil end groups 16f and 16r is significantly

reduced. Thus, there is no need to extend the coil ends
out by an extra amount from the end surfaces of the sta-

tor core 15, enabling the stator 8 to be reduced in size.

10 in addition, because the occurrence of short-circuiting

accidents which accompany loss of insulation due to the

joining process can be suppressed, superior insulation

can be obtained and high yield can also be achieved. In

addition, reductions in resistance to corrosion which ac-

'5 company loss of insulation due to joining can be sup-

pressed.

[0071] Here, an explanation will be given of a winding

construction previously proposed by the present appli-

cants in Japanese Patent Application No. 2000-01 1 704,
20 for comparison with the present application.

[0072] Figure 13 is a rear end elevation explaining

connections in one stator winding phase portion de-

scribed in Japanese Patent Application No.

2000-011704.

25 [0073] In Figure 1 3, one stator winding phase portion

80 is composed of first to fourth winding sub-portions 81

to 84 each formed from one strand of wire 30. The first

winding sub-portion 81 is constructed by wave winding

one strand of wire 30 into every sixth slot from Slot Num-
30 bers 1 to 91 so as to alternately occupy the first address

and the second address inside the slots 15a. The sec-

ond winding sub-portion 82 is constructed by wave
winding a strand of wire 30 into every sixth slot from Slot

Numbers 1 to 91 so as to alternately occupy the second
35 address and the first address inside the slots 15a. The

third winding sub-portion 83 is constructed by wave
winding a strand of wire 30 into every sixth slot from Slot

Numbers 1 to 91 so as to alternately occupy the third

address and the fourth address inside the slots 1 5a. The
40 fourth winding sub-portion 84 is constructed by wave

winding a strand of wire 30 into every sixth slot from Slot

Numbers 1 to 91 so as to alternately occupy the fourth

address and the third address inside the slots 15a.

[0074] Thus, each of the first to fourth winding sub-
45 portions 81 to 84 constitutes a winding sub-portion hav-

ing one turn in which a single strand of wire 30 is wound
into every sixth slot 15a so as to alternately occupy an
inner layer and an outer layer in a slot depth direction.

[0075] Moreover, although not shown, a total of six

50 stator winding phase portions 80 are formed by offset-

ting the slots 15a into which the strands of wire 30 are

wound by one slot each.

[0076] At a first end of the stator core 1 5, a crossover

connection (adjacent-address crossover connection
55 C2_3 ) ls formed between a second end portion 81 b of the

first winding sub-portion 81 extending outwards from the

second address of Slot Number 67 and a first end por-

tion 83a of the third winding sub-portion 83 extending
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outwards from the third address of Slot Number 61 , and
a crossover connection (adjacent-address crossover
connection C2.3) is formed between a second end por-

tion 82b of the second winding sub-portion 82 extending

outwards from the second address of Slot Number 61 5

and a first end portion 84a of the fourth winding sub-

portion 84 extending outwards from the third address of

Slot Number 55, and in addition, a crossover connection
(same-address crossover connection C-,^) is formed
between a first end portion 81a of the first winding sub- w
portion 81 extending outwards from the first address of

Slot Number 61 and a first end portion 82a of the second
winding sub-portion 82 extending outwards from the first

address of Slot Number 55. Thus, the first to fourth wind-
ing sub-portions 81 to 84 are connected in series to form '5

one stator winding phase portion 80 having four turns.

[0077] At this time, a second end portion 83b of the

third winding sub-portion 83 extending outwards from
the fourth address of Slot Number 67 and a second end
portion 84b of the fourth winding sub-portion 84 extend- 20

ing outwards from the fourth address of Slot Number 61

become an output wire (Oa) and a neutral point (Na),

respectively, of one stator winding phase portion 80.

[0078] Because the stator winding phase portion 80
of this comparative example is constituted by the first to 25

fourth winding sub-portions 81 to 84 having one turn in

each of which one strand of wire 30 is wound into a wave
winding so as to alternately occupy an inner layer and
an outer layer in a slot depth direction in every sixth slot

1 5a, the complex operation of inserting a large number 30

of segments into the slots of the stator core and joining

the end portions thereof together one by one is no longer

required, significantly improving assembly and worka-
bility, thereby enabling producibility to be increased.

[0079] In addition, because the coil ends are consti- 35

tuted by the turn portions of the strands of wire 30, the

number of joints in the coil end groups is significantly

reduced. Thus, there is no need to extend the coil ends
out by an extra amount from the end surfaces of the sta-

tor core 15, enabling the stator to be reduced in size. <*o

[0080] However, because this stator winding phase
portion 80 is constituted by the first to fourth winding
sub-portions 81 to 84 which are each formed by winding
one strand of wire 30 into a wave winding, three cross-

over connections are required in order to connect the 45

first to fourth winding sub-portions 81 to 84 in series.

[0081 ] By contrast, because the stator winding phase
portions 161 in Embodiment 1 of the present invention

are each constituted by the first and second winding

sub-portions 31 and 32 which are each formed by wind- so

ing one strand of wire 30 into a lap winding having two
turns per lap, one crossover connection is sufficient to

connect the first and second winding sub-portions 31

and 32 in series, and it can be seen that the connecting
operation can be improved compared to the compara- 55

tive example. Furthermore, by reducing the number of

crossover connections and simplifying the connecting
portions, wind noise as a result of circumferential irreg-

ularities in the rear-end coil end group 16r is sup-

pressed, enabling noise reductions to be achieved. In

addition, because wind resistance in the rear-end coil

end group 16r is lessened by reducing the number of

crossover connections and simplifying the connecting

portions, the volume of airflow increases proportionally,

improving the cooling effect.

Embodiment 2

[0082] Figure 14 is a front end elevation explaining

connections in one stator winding phase portion in an
automotive alternator according to Embodiment 2 of the

present invention. In the figure, the rear-end wiring of

the strands of wire is indicated by solid lines, the front-

end wiring of the strands of wire is indicated by broken
lines, and the connecting portions of the strands of wire

are indicated by black dots.

[0083] One stator winding phase portion 1 61 A is con-

stituted by first and second winding sub-portions 31 and
32 each composed of one strand of wire 30.

[0084] The first winding sub-portion 31 is constructed

into a lap winding having two turns per lap in which, in

pairs of slots constituted by Slot Numbers (1 2m + 1 ) and
Slot Numbers (12m + 7) of the slots 15a, one strand of

wire 30 is passed from the front end to the rear end in

the first address of Slot Numbers (1 2m + 1 ) of the slots

15a, then passed from the rear end to the front end in

the second address of Slot Numbers (12m + 7) of the

slots 15a, thereafter passed from the front end to the

rear end in the third address of Slot Numbers (12m + 1

)

of the slots 1 5a, and then passed from the rear end to

the front end in the fourth address of Slot Numbers (1 2m
+ 7) of the slots 1 5a. Here, m = 0, 1 , 2, ... 7.

[0085] The second winding sub-portion 32 is con-

structed into a lap winding having two turns per lap in

which, in pairs of slots constituted by Slot Numbers (1 2m
+ 7) and Slot Numbers {12 (m + 1) + 1} of the slots 15a,

one strand of wire 30 is passed from the front end to the

rear end in the first address of Slot Numbers (12m + 7)

of the slots 1 5a, then passed from the rear end to the

front end in the second address of Slot Numbers {12 (m
+ 1) + 1} of the slots 15a, thereafter passed from the

front end to the rear end the third address of Slot Num-
bers (12m + 7) of the slots 15a, and then passed from
the rear end to the front end in the fourth address of Slot

Numbers {12 (m + 1 ) + 1} of the slots 15a. Here, Slot

Number 97 corresponds to Slot Number 1

.

[0086] Thus, each of the first and second winding sub-
portions 31 and 32 constitutes a winding sub-portion in

which a single strand of wire 30 is wound into a lap wind-
ing having two turns per lap so as to alternately occupy
an inner layer and an outer layer in a slot depth direction

in every sixth slot 15a.

[0087] Then, a winding portion having 4 turns in which
the first and second winding sub-portions 31 and 32 are

connected in series is obtained by joining a first end por-

tion of the first winding sub-portion 31 extending towards

13



25 EP 1 134 872 A2 26

the front end from the first address of Slot Number 1 to

a second end portion of the second winding sub-portion

32 extending towards the front end from the third ad-
dress of Slot Number 91 , and by then joining a first end
portion of the second winding sub-portion 32 extending
towards the front end from the second address of Slot

Number 1 to a second end portion of the first winding
sub-portion 31 extending towards the front end from the
fourth address of the Slot Number 91

.

[0088] Next, at the rear end of the stator core 1 5, the
turn portion of the second winding sub-portion 32 linking

the third address of Slot Number 43 and the fourth ad-
dress of Slot Number 49 is cut to form one stator winding
phase portion 1 61 A having four turns in which a first cut

end 32a of the second winding sub-portion 32 extending
from the third address of Slot Number 43 and a second
cut end 32b of the second winding sub-portion 32 ex-

tending from the fourth address of Slot Number 49 be-

come a neutral point (N) and an output wire (O), respec-
tively.

[0089] Thus, a total of six stator winding phase por-

tions 161 A are formed by installing the strands of wire

30 into the stator core 15 such that the slots 15a into

which the strands of wire 30 are inserted are offset by
one slot at a time and connecting the strands of wire 30.

[0090] Thus, a stator 8A obtained includes a stator

winding 16A which is wound into the stator core 15 as
shown in Figures 15 and 16. Figure 15 is a perspective
showing the stator viewed from the rear end and Figure

16 is a perspective showing the stator viewed from the
front end. The neutral points and the output wires have
been omitted from these figures.

[0091] In Embodiment 2, the stator winding phase
portions 161 A constituting the stator winding 16A are
constituted by the first and second winding sub-portions

31 and 32 which are each formed into a lap winding hav-
ing two turns per lap by winding one strand of wire 30
in order one turn at a time into pairs of slots, the slots in

each pair being six slots apart and the pairs of slots be-
ing disposed at a pitch of twelve slots, the first and sec-
ond winding sub-portions 31 and 32 also being formed
so as to alternately occupy an inner layer and an outer
layer in a slot depth direction in every sixth slot 1 5a. Four
strands of wire 30 are disposed to line up in one row in

a slot depth direction within each slot 15a. The turn por-
tions of the strands of wire 30 which link different layers

in slots 15a six slots apart at the end surfaces of the
stator core 15 constitute the coil ends.

[0092] Consequently, similar effects to those in Em-
bodiment 1 above can also be obtained in Embodiment
2.

[0093] According to Embodiment 2, the first and sec-
ond winding portions 31 and 32 are connected in series

to form the winding portion having 4 turns by joining the
first end portion of the first winding sub-portion 31 to the

second end portion of the second winding sub-portion

32, and joining the first end portion of the second wind-
ing sub-portion 32 to the second end portion of the first

winding sub-portion 31 . Thus, the processes of cutting

and joining the first and second winding sub-portions 31
and 32 after installation into the stator core 15, which
were required in Embodiment 1 above to form crossover

5 connections between the first and second winding sub-
portions 31 and 32, are no longer required. That is, one
portion of the second winding sub-portion 32 extending
outwards at the rear end in each phase is cut after the

first and second winding sub-portions 31 and 32 are in-

fo stalled into the stator core 15, and the cut ends thereof

can be used as the neutral point and the output wire,

improving workability.

[0094] Because a coil end group in which the turn por-

tions constituted by folded portions of the strands of wire
is 30 are disposed circumferentially to form two rows in a

radial direction is disposed at the rear end, wind resist-

ance is reduced in a wind channel at the rear end where
rectifiers 12 and a regulator 18 which are heat-generat-

ing parts are mounted, enabling the rectifiers 12 and the
20 regulator 1 8 to be cooled efficiently.

Embodiment 3

[0095] Figure 17 is a rear end elevation explaining
25 connections in one stator winding phase portion in an

automotive alternator according to Embodiment 3 of the

present invention, and Figures 18 and 19 are perspec-
tives showing a stator of this alternator viewed from the
rear end and the front end respectively. In Figure 1 7, the

30 rear-end wiring of the strands of wire is indicated by solid

lines, the front-end wiring of the strands of wire is indi-

cated by broken lines, and the connecting portions of

the strands of wire are indicated by black dots. In Fig-

ures 18 and 19, neutral points and output wires have
35 been omitted.

[0096] In Figure 17, one stator winding phase portion

1 61 B is constituted by first and second winding sub-por-
tions 31 and 32 each composed of one strand of wire 30.

[0097] The first winding sub-portion 31 is constructed
40 into a lap winding having two turns per lap in which, in

pairs of slots constituted by Slot Numbers (1 2m + 1 ) and
Slot Numbers (12m + 7) of the slots 15a, one strand of

wire 30 is passed from the rear end to the front end in

the fourth address of Slot Numbers (1 2m + 1 ) of the slots

45 15a, then passed from the front end to the rear end in

the first address of Slot Numbers (12m + 7) of the slots

1 5a, thereafter passed from the rear end to the front end
in the second address of Slot Numbers (12m + 1 ) of the

slots 1 5a, and then passed from the front end to the rear
50 end in the third address of Slot Numbers (12m + 7) of

the slots 15a. Here, m = 0, 1, 2, ... 7.

[0098] The second winding sub-portion 32 is con-
structed into a lap winding having two turns per lap in

which, in pairs of slots constituted by Slot Numbers (1 2m
55 + 7) and Slot Numbers (12 (m + 1) + 1} of the slots 15a

(

one strand of wire 30 is passed from the rear end to the

front end in the fourth address of Slot Numbers (12m +

7) of the slots 1 5a, then passed from the,front end to the
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rear end in the first address of Slot Numbers {12 (m +

1 ) + 1 } of the slots 1 5a, thereafter passed from the rear

end to the front end the second address of Slot Numbers
(12m + 7) of the slots 15a, and then passed from the

front end to the rear end in the third address of Slot Num-
bers {1 2 (m + 1 ) + 1 } of the slots 1 5a. Here, Slot Number
97 corresponds to Slot Number 1

.

[0099] First and second end portions of the second
winding sub-portion 32 which extend outwards at the

rear end from the first address of Slot Number 1 and
from the second address of Slot Number 91 are joined,

and first and second end portions of the first winding

sub-portion 31 which extend outwards at the rear end
from the fourth address of Slot Number 1 and from the

third address of Slot Number 91 are joined. Thus, each
of the first and second winding sub-portions 31 and 32
constitutes a winding sub-portion in which a single

strand of wire 30 is wound into a lap winding having two
turns per lap so as to alternately occupy an inner layer

and an outer layer in a slot depth direction in every sixth

slot 1 5a.

[0100] Next, at the rear end of the stator core 1 5, the

turn portion of the first winding sub-portion 31 linking the

third address of Slot Number 43 and the fourth address
of Slot Number 49 is cut, and the turn portion of the sec-

ond winding sub-portion 32 linking the second address
of Slot Number 43 and the first address of Slot Number
49 is also cut. Then, a first cut end 3 1 a of the first winding

sub-portion 31 extending from the third address of Slot

Number 43 and a second cut end 32b of the second
winding sub-portion 32 extending from the first address
of Slot Number 49 are crossover-connected by arc weld-

ing, for example, to connect the first and second winding

sub-portions 31 and 32 in series. Thus, a stator winding

phase portion 161B having four turns is formed.

[0101] A first cut end 32a of the second winding sub-

portion 32 extending from the second address of Slot

Number 43 and a second cut end 31 b of the first winding

sub-portion 31 extending from the fourth address of Slot

Number 49 become a neutral point (N) and an output

wire (O), respectively, of the stator winding phase por-

tion 161 B.

[0102] Thus, a total of six stator winding phase por-

tions 161B are formed by installing the strands of wire

30 into the stator core 15 such that the slots 15a into

which the strands of wire 30 are inserted are offset by
one slot at a time and connecting the strands of wire 30.

Thus, a stator 8B is obtained which includes a stator

winding 16B which is wound into the stator core 15 as
shown in Figures 18 and 19.

[0103] In Embodiment 3, the stator winding phase
portions 161B constituting the stator winding 16B are

constituted by the first and second winding sub-portions

31 and 32 which are each formed into a lap winding hav-

ing two turns per lap by winding one strand of wire 30
in order one turn at a time into pairs of slots, the slots in

each pair being six slots apart and the pairs of slots be-

ing disposed at a pitch of twelve slots, the first and sec-

ond winding sub-portions 31 and 32 also being formed
so as to alternately occupy an inner layer and an outer

layer in a slot depth direction in every sixth slot 1 5a. Four
strands of wire 30 are disposed to line up in one row in

5 a slot depth direction within each slot 1 5a. The turn por-

tions of the strands of wire 30 which link different layers

in slots 15a six slots apart at the end surfaces of the

stator core 15 constitute the coil ends.

[0104] Consequently, the same effects can be
10 achieved in Embodiment 3 as in Embodiment 1 above.

[0105] According to Embodiment 3, because a coil

end group in which the turn portions constituted by fold-

ed portions of the strands of wire 30 are disposed cir-

cumferentially to form two rows in a radial direction is

'5 disposed at the rear end, wind resistance is reduced in

a wind channel at the rear end where rectifiers 12 and
a regulator 18 which are heat-generating parts are

mounted, enabling the rectifiers 12 and the regulator 18

to be cooled efficiently.

20 [0106] Next, the method of manufacture for the wind-

ing assembly used in the stator 8B will be explained in

detail with reference to Figures 20 to 23.

[0107] First, twelve long strands. of wire 30 are dis-

posed parallel to each other at a pitch (p) of one slot and
25 simultaneously folded and bent in the same plane to

form a lightning-bolt shape. As shown in Figures 20 and

21 , this group of strands of wire 30 folded and bent into

the lightning-bolt shape is formed by repeating a prede-

termined number of times a basic pattern formed by the

30 first to fourth straight portions 30a to 30d which have a

length (l0) equivalent to the groove length of the slots

15a in which the first and second straight portions 30a
and 30b are offset at a pitch of six slots (6p) on a first

side in a direction of disposal of the strands of wire 30
35 and linked by first inclined portions 30e, the second and

third straight portions 30b and 30c are offset at a pitch

of six slots (6p) on the first side in the direction of dis-

posal of the strands of wire 30 and linked by second in-

clined portions 30f , and the third and fourth straight por-

40 tions 30c and 30d are offset at a pitch of six slots (6p)

on a second side in the direction of disposal of the

strands of wire 30 and linked by third inclined portions

30g, this basic pattern being repeated such that adja-

cent fourth and first straight portions 30d and 30a are

45 offset at a pitch of six slots (6p) on the first side in the

direction of disposal of the strands of wire 30 and linked

by fourth inclined portions 30h. At this time, spacing be-

tween each of the first to fourth straight portions 30a to

30d is l 1f and spacing 12 between the adjacent first and
so fourth straight portions 30a and 30d is formed so as to

be larger than the spacing l«,

.

[0108] Then, as indicated by arrows in Figures 20 and
21 , a flattened cylindrical body 40B is formed in which

the second and th ird straig ht portions 30b and 30c which
55 are linked by the second inclined portions 30f and the

fourth and first straight portions 30d and 30a which are

linked by the fourth inclined portions 30h are wound hel-

ically so as to alternately occupy a first plane and a sec-
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ond plane by folding back the first and third inclined por-

tions 30e and 30g in the same direction at central por-

tions thereof. As shown in Figure 22, this cylindrical

body 40B is constructed by arranging the second and
third straight portions 30b and 30c, which are linked by 5

the second inclined portions 30f, at a pitch of one slot in

the first plane, and arranging the fourth and first straight

portions 30d and 30a, which are linked by the fourth in-

clined portions 30h, at a pitch of one slot in the second
plane. w
[0109] Then, as shown in Figure 22, terminal process-

ing is performed by cutting six of the third straight por-

tions 30d at central portions A at a first end portion of

the cylindrical body 40B, and cutting six of the second
straight portions 30c at central portions B at a second 15

end portion of the cylindrical body 40 to form connecting

portions with other end portions of the strands of wire 30.

[0110] Thereafter, a winding assembly 41 B, shown in

Figure 23, is prepared by folding over the cylindrical

body 40B at central portions of the second inclined por- 20

tions 30f and the fourth inclined portions 30h which are

disposed at a pitch of one slot, such that the second
straight portions 30b and the third straight portions 30c
face each other, as indicated by arrows in Figure 22.

[01 1 1] In this winding assembly 41 B, the first to fourth 25

straight portions 30a to 30d are disposed at a pitch p so

as to be lined up in four layers at a pitch w equal to the

width of the strands of wire 30 in the width direction of

the strands of wire 30, on a first side of which the folded

first inclined portions 30e, which function as first turn 30

portions, and the folded third inclined portions 30g,
which function as third turn portions, are disposed at a
pitch of one slot in the direction of disposal of the straight

portions to form two rows. On a second side, the folded

second inclined portions 30f, which function as second 35

turn portions, and the folded fourth inclined portions 30h,

which function as fourth turn portions, are disposed at

a pitch of one slot in the direction of disposal of the

straight portions to form two layers.

[0112] Here, lead portions of the output wires and the 40

neutral points extend outwards from the second and
third inclined portions 30e and 30g of the winding as-

sembly 41 B, and these lead portions are formed by
drawing out specific strands of wire 30 during the proc-

ess of folding and bending the strands of wire 30 into *5

the lightning-bolt shape.

[0113] As shown in Figure 12A, insulators 19 are

mounted in slots 42a of a laminated core 42, and the

first to fourth straight portions 30a to 30d of the winding

assembly 41 B are inserted so as to stack up within each so

of the slots 42a. Thus, the winding assembly 41 B is in-

stalled in the laminated core 42 as shown in Figure 12B.

[0114] Next, the laminated core 42 is rolled up and its

ends abutted and welded to each other to obtain the cy-

lindrical stator core 1 5, as shown in Figure 1 2C. 55

[0115] Then, end portions of the same strand of wire

30 are connected so that first and second winding sub-

portions 31 and 32 which are wound into slot groups dis-

30

posed at a pitch of six slots each form lap windings hav-

ing two turns per lap. Then, the two three-phase alter-

nating-current windings are obtained by cutting each of

the lead portions of the winding assembly 41 B, forming

crossover connections, then connecting the neutral

points.

[0116] Thus, the stator 8B obtained is formed by in-

stalling the stator winding 16B composed of the two

three-phase alternating-current windings in the stator

core 15.

[0117] Thus, in Embodiment 3, because the winding

assembly 41 B is formed by arranging the twelve strands

of wire 30 in the same plane at a pitch of one slot, folding

and bending the twelve strands of wire 30 to form the

lightning-bolt shaped pattern shown in Figures 20 and
21 ,

forming the cylindrical body 40B in which the second
and third straight portions 30b and 30c which are linked

by the second inclined portions 30f and the fourth and
first straight portions 30d and 30a which are linked by

the fourth inclined portions 30h are wound helically by
folding back the first and third inclined portions 30e and
30g in the same direction at central portions thereof, and
then folding the cylindrical body 40B over at central por-

tions of the second and fourth inclined portions 30f and
30h, a winding assembly can be easily manufactured
which alternately occupies an inner layer and an outer

layer in a slot depth direction in every sixth slot 1 5a and
constitutes a lap winding having two turns per lap.

[0118] Because the winding assembly 41 B prepared
in this manner is used, six stator winding phase portions

1 61 B can be installed into the stator core 1 5 by installing

one winding assembly 41 B into the stator core 1 5. Thus,

the complex operation of inserting a large number of

segments into the slots of the stator core and joining the

end portions thereof together one by one is no longer

required, significantly improving assembly and worka-

bility, thereby enabling producibility to be increased. In

addition, cases in which the number of turns in the stator

winding is increased can easily be adapted for by stack-

ing and installing a plurality of the winding assemblies

41 B into the stator core 15.

[0119] Because the coil ends are constituted by the

turn portions of the strands of wire 30, the number of

joints in the coil end groups 16f and 16r is significantly

reduced. Thus, there is no need to extend the coil ends
out by an extra amount from the end surfaces of the sta-

tor core 1 5, enabling the stator 8B to be reduced in size.

In addition, because the occurrence of short-circuiting

accidents which accompany loss of insulation due to the

joining process can be suppressed, superior insulation

can be obtained and high yield can also be achieved. In

addition, reductions in resistance to corrosion which ac-

company loss of insulation due to joining can be sup-

pressed.

Embodiment 4

[0120] Figures 24 and 25 are perspectives showing a
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stator of the alternator according to Embodiment 4 of

the present invention viewed from the rear end and the

front end, respectively, and Figure 26 is a diagram ex-

plaining a winding assembly forming process in a meth-
od of manufacture for the stator of the alternator accord- 5

ing to Embodiment 4 of the present invention. In Figures

24 and 25, neutral points and output wires have been
omitted.

[0121] In this stator 8C, four strands of wire 30 are

housed so as to line up in a slot depth direction within w
the slots 15a as shown in Figures 24 and 25.

[0122] Then, in pairs of first and second slots, in which
the slots forming each pair are six slots apart, the strand

of wire 30 housed in the first address of the first slot 1 5a
is folded back outside the slots at the front end of the '5

stator core 1 5 and housed in the second address of the

second slot 1 5a, and the strand of wire 30 housed in the

fourth address of the first slot 1 5a is folded back outside

the slots at the front end of the stator core 1 5 and housed
in the third address of the second slot 1 5a. 20

[0123] Furthermore, in the pairs of first and second
slots in which the slots forming each pair are six slots

apart, the strand of wire 30 housed in the fourth address
of the first slot 1 5a is folded back outside the slots at the

rear end of stator core 1 5 and housed in the second ad- 25

dress of the second slot 1 5a, and the strand of wire 30
housed in the third address of the first slot 1 5a is folded

over outside the slots at the rear end of the stator core
1 5 and housed in the first address of the second slot

1 5a. 30

[0124] Thus, the stator winding 1 6C is constituted by
a plurality of winding sub-portions in each of which a
single strand of wire 30 is wound into a lap winding hav-
ing two turns per lap so as to alternately occupy an inner

layer and an outer layer in a slot depth direction in every 35

sixth slot 15a. Turn portions of the strands of wire 30
folded over outside the slots at the front end of the stator

core 15 are disposed in a circumferential direction so as
to form two rows in a radial direction and constitute a
front-end coil end group 16f, and turn portions of the *o

strands of wire 30 folded over outside the slots at the

rear end of the stator core 1 5 are disposed in a circum-

ferential direction so as to form one row in a radial di-

rection and constitute a rear-end coil end group 1 6r. The
winding assembly 41 C, formed by integrating a plurality

of the winding sub-portions, is formed by folding back
the cylindrical body 40C, in which the first to fourth

straight portions 30a to 30d are wound helically, at cen-
tral portions of the second and fourth inclined portions

30f and 30h as shown in Figure 26. so

[0125] Moreover, the rest of the construction is con-
structed similarly to the above embodiments.

[0126] Consequently, the same effects as in each of

the above embodiments can also be obtained in Em-
bodiment 4. 55

[0127] Furthermore, because turn portions of the

strands of wire 30 in Embodiment 4 are disposed in a
circumferential direction so as to form two rows in a ra-

32

dial direction and constitute the front-end coil end group
16f, and turn portions of the strands of wire 30 are dis-

posed so as to form one row in a circumferential direc-

tion and constitute the rear-end coil end group 16r, the

axial heights of the front-end and rear end-end groups
16f and 16r can be reduced. Thus, coil leakage reac-

tance is further reduced, improving output, and wind re-

sistance is reduced, alleviating wind noise, compared to

each of the above embodiments.

[0128] In each of the above embodiments, the

number of slots in the stator was ninety-six slots for six-

teen magnetic poles, but three phases and seventy-two

slots for twelve magnetic poles, 120 slots for twenty

poles, etc., may also be adopted. Furthermore, in the

case of one slot per pole per phase, there may also be
forty-eight slots for sixteen poles, thirty-six slots for

twelve poles, sixty slots for twenty poles, etc.

[0129] In such cases, if x is the number of slots per

pole per phase and y is the number of winding phase
portions, then the number of strands of wire constituting

the stator winding is given by 2xy, the first to fourth

straight portions constituting the winding assembly will

each be disposed at a pitch of 2xyp, and the amount of

offset between the first straight portions and second
straight portions in the direction of disposal is given by
xyp.

[01 30] Each of the above embodiments has been ex-

plained forfour turns, but when even lower-speed output

is required eight turns may be used. That case can also

be adapted to simply by inserting two winding assem-
blies 41 (41 B) into the stator core 15 so as to line up
radially. Furthermore, six turns can be adapted to simply

by inserting one winding assembly 41 (41 B) and one
winding assembly shown in the comparative example
above into the stator core 15 so as to line up radially.

[0131] The present invention is constructed in the

above manner and exhibits the effects described below.

[0132] According to one aspect of the present inven-

tion, there is provided an alternator including:

a stator having a cylindrical stator core formed with

a plurality of slots extending axially at a predeter-

mined pitch in a circumferential direction, and a sta-

tor winding installed into the stator core; and
a rotor for forming north-seeking (N) and south-

seeking (S) poles about a rotational circumference,

the rotor being disposed on an inner circumferential

side of the stator core, wherein

the stator winding comprises a plurality of winding

sub-portions in each of which a strand of wire

formed from a continuous wire is wound so as to

alternately occupy an inner layer and an outer layer

in a slot depth direction within the slots at intervals

of a predetermined number of slots by folding over

the strand of wire outside the slots at end surfaces

of the stator core and form a lap winding having two

turns in each lap. Thus, because the number of

crossover connections is reduced and the connect-

EP 1 134 872 A2

17



33 EP1 134 872 A2 34

ing portions are simplified, an alternator is provided

in which axial height of the coil ends can be lowered,

the number of weld portions on the coil ends can be
decreased, deterioration in output, wind noise and
magnetic noise can be suppressed, and cooling is 5

also improved.

[0133] Four of the strands of wire constituting the

winding sub-portions may be housed so as to line up in

each of the slots so as to occupy a first layer, a second io

layer, a third layer, and a fourth layer in a slot depth di-

rection;

turn portions formed by folding the strands of wire

over outside the slots at a first end surface of the '5

stator core may be disposed circumferentially to

form two rows in a radial direction; and
turn portions formed by folding the strands of wire

over outside the slots at a second end surface of

the stator core may be disposed circumferentially 20

to form two layers in an axial direction, reducing ax-

ial height of the coil end at a first end of the stator

core, thereby increasing output and reducing wind
noise

25

[0134] In each of slot pairs in which first and second
slots forming each of the slot pairs are a predetermined
number of slots apart:

the strand of wire housed in the first layer inside the 30

first slot may be folded over outside the slots at the

first end surface of the stator core and housed in

the second layer inside the second slot;

the strand of wire housed in the third layer of the

first slot may be folded over outside the slots at the 35

first end surface of the stator core and housed in

the fourth layer of the second slot;

the strand of wire housed in the third layer inside

the first slot may be folded over outside the slots at

the second end surface of the stator core and *o

housed in the second layer inside the second slot;

and

the strand of wire housed in the fourth layer of the

first slot may be folded over outside the slots at the

second end surface of the stator core and housed 45

in the first layer of the second slot, enabling a stator

winding to be achieved by a simple construction.

[0135] The strands of wire may be installed two at a
time into slot sets constituted by slot groups disposed a 50

predetermined number of slots apart, the two strands of

wire installed in each of the slot sets constituting a first

strand of wire and a second strand of wire, and
the stator winding may be composed of a plurality

of stator winding phase portions, each of the stator wind- 55

ing phase portions comprising:

a first winding sub-portion constructed by joining

first and second end portions of the first strand of

wire extending outwards outside the slots at the

second end surface of the stator core from the

fourth layer in the first slot of a first pair and the first

layer in the second slot of the first pair, the first pair

being one pair of the slot pairs constituting each of

the slot sets; and
a second winding sub-portion constructed by join-

ing first and second end portions of the second
strand of wire extending outwards outside the slots

at the second end surface of the stator core from
the third layer in the first slot of the first pair and the

second layer in the second slot of the first pair,

wherein each of the stator winding phase portions

is constructed by connecting the first and second
winding sub-portions in series by crossover con-
necting the first strand of wire extending outwards
outside the slots at the second end surface of the

stator core from the fourth layer in the first slot of a
second pair, and the second strand of wire extend-

ing outwards from the outside of the slots at the sec-

ond end surface of the stator core from the second
layer in the second slot of the second pair, the sec-

ond pair being another pair of the slot pairs consti-

tuting each of the slot sets, and
wherein the second strand of wire extending out-

wards at the second end surface of the stator core
from the third layer in the first slot of the second pair,

and the first strand of wire extending outwards at

the second end surface of the stator core from the

first layer in the second slot of the second pair con-

stitute a neutral point and an output wire of the stator

winding phase portion, respectively, making the

number of crossover connections per stator winding

phase portion one, thereby improving the connect-

ing operation. Furthermore, circumferential irregu-

larities in the coil end groups resulting from the

crossover connections are reduced, thereby im-

proving the cooling effect.

[0136] The strands of wire may be installed two at a
time into slot sets constituted by slot groups disposed a
predetermined number of slots apart, the two strands of

wire installed in each of the slot sets constituting a first

strand of wire and a second strand of wire, and

the stator winding may be composed of a plurality

of stator winding phase portions, each of the stator

winding phase portions being constructed by a first

and second winding sub-portions which are con-

nected in series by joining a first end portion of the

first strand of wire extending outwards outside the

slots at the second end surface of the stator core

from the fourth layer in the first slot of a first pair to

a second end portion of the second strand of wire

extending outwards outside the slots at the second
end surface of the stator core from the second layer

in the second slot of the first pair and joining a first
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end portion of the second strand of wire extending

outwards outside the slots at the second end sur-

face of the stator core from the third layer in the first

slot of the first pair to a second end portion of the

first strand of wire extending outwards outside the

slots at the second end surface of the stator core

from the first layer in the second slot of the second
pair, the first pair being one pair of the slots pair con-

stituting each of the slot sets,

wherein the second strand of wire extending out-

wards at the first end surface of the stator core from

the third layer in the first slot of a second pair and
from the fourth layer in the second slot of the second
pair is cut to constitute a neutral point and an output

wire of the stator winding phase portion, the second
pair being another pair of the slot pairs constituting

each of the slot sets, eliminating crossover con nec-
tions in one stator winding phase portion, thereby

improving the connecting operation. Furthermore,

circumferential irregularities in the coil end groups
resulting from the crossover connections are re-

duced, enabling worsening of wind noise to be fur-

ther suppressed and wind resistance to be reduced,

thereby further improving the cooling effect.

[0137] In each of slot pairs in which first and second
slots forming each of the slot pairs are a predetermined
number of slots apart:

the strand of wire housed in the second layer inside

the first slot may be folded over outside the slots at

the first end surface of the stator core and housed
in the first layer inside the second slot;

the strand of wire housed in the third layer of the

first slot may be folded over outside the slots at the

first end surface of the stator core and housed in

the fourth layer of the second slot;

the strand of wire housed in the second layer inside

the first slot may be folded over outside the slots at

the second end surface of the stator core and
housed in the third layer inside the second slot; and
the strand of wire housed in the fourth layer of the

first slot may be folded over outside the slots at the

second end surface of the stator core and housed
in the first layer of the second slot, enabling a stator

winding to be achieved a simple construction.

[0138] The strands of wire may be installed two at a
time into slot sets constituted by slot groups disposed a
predetermined number of slots apart, the two strands of

wire installed in each of the slot sets constituting a first

strand of wire and a second strand of wire, and
the stator winding may be composed of a plurality

of stator winding phase portions, each of the stator wind-

ing phase portions comprising:

a first winding sub-portion constructed by joining

first and second end portions of the first strand of

wire extending outwards outside the slots at the

second end surface of the stator core from the

fourth layer in the first slot of a first pair and the first

layer in the second slot of the first pair, the first pair

being one pair of the slot pairs constituting each of

the slot sets; and

a second winding sub-portion constructed by join-

ing first and second end portions of the second
strand of wire extending outwards outside the slots

at the second end surface of the stator core from

the second layer in the first slot of the first pair and
the third layer in the second slot of the first pair,

wherein each of the stator winding phase portions

is constructed by connecting the first and second
sub-portions in series by crossover connecting the

second strand of wire extending outwards outside

the slots at the first end surface of the stator core

from the third layer in the first slot of a second pair,

and the first strand of wire extending outwards from

the outside of the slots at the first end surface of the

stator core from the first layer in the second slot of

the second pair, the second pair being another pair

of the slot pairs constituting each of the slot sets,

and

wherein the first strand of wire extending outwards
at the first end surface of the stator core from the

second layer in the first slot of the second pair, and
the second strand of wire extending outwards at the

first end surface of the stator core from the fourth

layer in the second slot of the second pair constitute

a neutral point and an output wire of the stator wind-

ing phase portion, respectively, making the number
of crossover connections per stator winding phase
portion one, thereby improving the connecting op-

eration. Furthermore, circumferential irregularities

in the coil end groups resulting from the crossover

connections are reduced, enabling worsening of

wind noise to be suppressed and wind resistance

to be reduced, thereby improving the cooling effect.

[0139] Four of the strands of wire constituting the

winding sub-portions may be housed so as to line up in

each of the slots so as to occupy a first layer, a second
layer, a third layer, and a fourth layer in a slot depth di-

rection;

turn portions formed by folding the strands of wire

over outside the slots at a first end surface of the

stator core may be disposed circumferentially to

form two rows in a radial direction; and
turn portions formed by folding the strands of wire

over outside the slots at a second end surface of

the stator core may be disposed in one row circum-

ferentially, reducing axial height of the coil ends at

first and second ends of the stator core, thereby in-

creasing output and educing wind noise.

[0140] According to another aspect of the present in-
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vention, there is a winding assembly for an alternator,

the winding assembly including a winding group com-
posed of 2n winding sub-portions disposed at a pitch of

p, each of the winding sub-portions being constructed

by folding and bending one strand of wire formed from 5

a continuous wire into a pattern, the pattern having:

first straight portions disposed at a pitch of 2np;

second straight portions disposed at the pitch of 2np
being offset by an amount w to a first side in a width io

direction from the first straight portions and offset

by an amount np forwards relative to a direction of

disposal of the first straight portions;

third straight portions disposed at the pitch of 2np
being offset by the amount w to the first side in the '5

width direction from the second portions and offset

by the amount np backwards relative to the direction

of disposal of the second straight portions;

fourth straight portions disposed at the pitch of 2np
being offset by the amount w to the first side in the 20

width direction from the third straight portions and
offset by the amount np forwards relative to the di-

rection of disposal of the third straight portions;

firstturn portions linking first ends of the first straight

portions to first ends of the second straight portions 25

offset by the amount np forwards relative to the di-

rection of disposal of the first straight portions;

second turn portions linking second ends of the sec-

ond straight portions to second ends of the third

straight portions offset by the amount np backwards 30

relative to the direction of disposal of the second
straight portions;

third turn portions linking first ends of the third

straight portions to first ends of the fourth straight

portions offset by the amount np forwards relative 35

to the direction of disposal of the third straight por-

tions; and

fourth turn portions linking second ends of the fourth

straight portions to second ends of the first straight

portions offset by the amount np forwards relative 40

to the direction of disposal of the fourth straight por-

tions, wherein

the winding sub-portions are disposed parallel to

each other at the pitch of p in the direction of dis-

posal such that the first to fourth straight portions 45

form four layers in the width direction,

the first turn portions are disposed parallel to each
other at the pitch of p and the third turn portions are

disposed parallel to each other at the pitch of p such
that the first turn portions and the third turn portions 50

form two rows in the direction of disposal, and
the second turn portions are disposed parallel to

each other at the pitch of p and the fourth turn por-

tions are disposed parallel to each other at the pitch

of p such that the second turn portions and the 55

fourth turn portions form two layers in a longitudinal

direction of the straight portions, thereby providing

a wind assembly enabling the achievement of a sta-

tor winding with superior mass-producibility which
can be made more compact.

[0141] According to another aspect of the present in-

vention, there is a winding assembly for an alternator,

the winding assembly comprising a winding group com-
posed of 2n winding sub-portions disposed at a pitch of

p, each of the winding sub-portions being constructed

by folding and bending one strand of wire formed from

a continuous wire into a pattern, the pattern having:

first straight portions disposed at a pitch of 2np;

second straight po rtions disposed at the pitch of 2np
being offset by an amount w to a first side in a width

direction from the first straight portions and offset

by an amount np forwards relative to a direction of

disposal of the first straight portions;

third straight portions disposed at the pitch of 2np
being offset by the amount w to the first side in the

width direction from the second portions and offset

by the amount np forwards relative to the direction

of disposal of the second straight portions;

fourth straight portions disposed at the pitch of 2np
being offset by the amount w to the first side in the

width direction from the third straight portions and
offset by the amount np backwards relative to the

direction of disposal of the third straight portions;

firstturn portions linking first ends of the first straight

portions to first ends of the second straight portions

offset by the amount np forwards relative to the di-

rection of disposal of the first straight portions;

second turn portions linking second ends of the sec-

ond straight portions to second ends of the third

straight portions offset by the amount np forwards

relative to the direction of disposal of the second
straight portions;

third turn portions linking first ends of the third

straight portions to first ends of the fourth straight

portions offset by the amount np backwards relative

to the direction of disposal of the third straight por-

tions; and
fourth turn portions linking second ends of the fourth

straight portions to second ends of the first straight

portions offset by the amount np forwards relative

to the direction of disposal of the fourth straight por-

tions, wherein

the winding sub-portions are disposed parallel to

each other at the pitch of p in the direction of dis-

posal such that the first to fourth straight portions

form four layers in the width direction,

the first turn portions are disposed parallel to each

other at the pitch of p and the third turn portions are

disposed parallel to each other at the pitch of p such

that the first turn portions and the third turn portions

form two rows in the direction of disposal, and
the second turn portions are disposed parallel to

each other at the pitch of p and the fourth turn por-

tions are disposed parallel to each other at the pitch
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of p such that the second turn portions and the

fourth turn portions form two layers in a longitudinal

direction of the straight portions, thereby providing

a winding assembly enabling the achievement of a
stator winding with superior mass-producibility 5

which can be made more compact.

[0142] According to another aspect of the present in-

vention, there is a method of manufacture for a winding

assembly for an alternator, the method including steps

of:

disposing a group of 2n straight strands of wire at

a pitch p in a first plane;

forming a lightning-bolt shaped pattern composed
of a plurality of basic patterns by folding and bend-
ing the group of strands of wire in the plane, each
of the basic patterns comprising:

10

15

20first straight portions having a length Iq;

second straight portions having the length l0 be-

ing linked to the first straight portions by first

inclined portions having a length I-,, the second
straight portions being offset by an amount np

to a first side in a direction of disposal of the 25

strands of wire relative to the first straight por-

tions;

third straight portions having the length l0 being

linked to the second straight portions by second
inclined portions having the length l1f the third 30

straight portions being offset by the amount np
to a second side in a direction of disposal of the

strands of wire relative to the second straight

portions; and

fourth straight portions having the length l0 be* 35

ing linked to the third straight portions by third

inclined portions having the length l^, the fourth

straight portions being offset by the amount np
to the first side in a direction of disposal of the

strands of wire relative to the third straight por- 40

tions,

wherein the lightning-bolt shaped pattern is

constructed by repeating the basic pattern a

predetermined number of times by offsetting

the basic pattern to the first side in the direction 45

of disposal of the strands of wire by fourth in-

clined portions having a length l2 , the length l2

being greater than the length I-;

forming a flattened cylindrical body by folding over 50

the group of strands of wire formed into the light-

ning-bolt shaped pattern in a first direction at central

portions of the first and the third inclined portions,

the cylindrical body being constructed by helically

winding the group of strands of wire such that the 55

second and third straight portions linked by the sec-

ond inclined portions and the first and fourth straight

portions linked by the fourth inclined portions alter-

nately occupy the first plane and a second plane;

and

forming a winding group by folding over the cylin-

drical body at central portions of the second and the

fourth inclined portions in a second direction such
that the second and the third straight portions face

each other, wherein

the first to fourth straight portions are disposed

parallel to each other at the pitch of p in the di-

rection of disposal such that the first to fourth

straight portions form four layers in the width

direction,

first turn portions formed by folding over the

group of strands of wire at the first inclined por-

tions are disposed parallel to each other at the

pitch of p and third turn portions formed by fold-

ing over the group of strands of wire at the third

inclined portions are disposed parallel to each
other at the pitch of p such that the first turn

portions and the third turn portions form two
rows in the direction of disposal, and
second turn portions of the strands of wire

formed by folding over the cylindrical body at

the second inclined portions are disposed par-

allel to each other at the pitch of p and the fourth

turn portions of the strands of wire formed by

folding over the cylindrical body at the fourth in-

clined portions are disposed parallel to each
other at the pitch of p such that the second turn

portions and the fourth turn portions form two

layers in a longitudinal direction of the straight

portions, thereby providing a method of manu-
facture for a winding assembly in which a wind-

ing assembly enabling the achievement of a

stator winding which can be made more com-
pact can be manufactured with superior mass-
producibility.

[0143] According to another aspect of the present in-

vention, there is a method of manufacture for a winding

assembly for an alternator, the method including steps

of:

disposing a group of 2n straight strands of wire at

a pitch p in a first plane;

forming a lightning-bolt shaped pattern composed
of a plurality of basic patterns by folding and bend-

ing the group of strands of wire in the plane, each
of the basic patterns comprising:

first straight portions having a length l0 ;

second straight portions having the length l0 be-

ing linked to the first straight portions by first

inclined portions having a length I-, the second
straight portions being offset by an amount np

to a first side in a direction of disposal of the

strands of wire relative to the first straight por-

21



41 EP1 134 872 A2 42

tions;

third straight portions having the length l0 being

linked to the second straight portions by second
inclined portions having the length l 1f the third

straight portions being offset by the amount np 5

to the first side in a direction of disposal of the

strands of wire relative to the second straight

portions; and
fourth straight portions having the length Iq be-

ing linked to the third straight portions by third ">

inclined portions having the length l 1t the fourth

straight portions being offset by the amount np
to a second side in a direction of disposal of the

strands of wire relative to the third straight por-

tions, 15

wherein the fightning-bolt shaped pattern is

constructed by repeating the basic pattern a
predetermined number of times by offsetting

the basic pattern to the first side in the direction

of disposal of the strands of wire by fourth in- 20

dined portions having a length l2 , the length l2
being greater than the length

forming a flattened cylindrical body by folding over

the group of strands of wire formed into the light- 25

ning-bolt shaped pattern in a first direction at central

portions of the first and the third inclined portions,

the cylindrical body being constructed by helically

winding the group of strands of wire such that the
second and third straight portions linked by the sec- 30

ond inclined portions and the first and fourth straight

portions linked by the fourth inclined portions alter-

nately occupy the first plane and a second plane;

and

forming a winding group by folding over the cylin- 35

drical body at central portions of the second and the

fourth inclined portions in a second direction such
that the second and the third straight portions face

each other, wherein

40

the first to fourth straight portions are disposed
parallel to each other at the pitch of p in the di-

rection of disposal such that the first to fourth

straight portions form four layers in the width

direction, 45

first turn portions formed by folding over the

group of strands of wire at the first inclined por-

tions are disposed parallel to each other at the

pitch of p and third turn portions formed by fold-

ing over the group of strands of wire at the third $0

inclined portions are disposed parallel to each
other at the pitch of p such that the first turn

portions and the third turn portions form two
rows in the direction of disposal, and
second turn portions of the strands of wire 55

formed by folding over the cylindrical body at

the second inclined portions are disposed par-

allel to each other at the pitch of p and the fourth

turn portions of the strands of wire formed by
folding over the cylindrical body at the fourth in-

clined portions are disposed parallel to each
other at the pitch of p such that the second turn

portions and the fourth turn portions form two
layers in a longitudinal direction of the straight

portions, thereby providing a method of manu-
facture for a winding assembly in which a wind-

ing assembly enabling the achievement of a

stator winding which can be made more com-
pact can be manufactured with superior mass-
producibility.

Claims

1. An alternator comprising:

a stator (8,8A,8B,8C) having a cylindrical stator

core (15) formed with a plurality of slots (15a)

extending axially at a predetermined pitch in a
circumferential direction, and a stator winding

(16,16A,16B,16C) installed into said stator

core (15); and

a rotor (7) for forming north-seeking (N) and
south-seeking (S) poles about a rotational cir-

cumference, said rotor being disposed on an in-

ner circumferential side of said stator core,

wherein

said stator winding (1 6, 1 6A, 1 6B, 1 6C) compris-

es a plurality of winding sub-portions (31 ,32) in

each of which a strand of wire (30) formed from

a continuous wire is wound so as to alternately

occupy an inner layer and an outer layer in a
slot depth direction within said slots (1 5a) at in-

tervals of a predetermined number of slots by
folding over said strand of wire (30) outside said

slots at end surfaces of said stator core (1 5) and
form a lap winding having two turns in each lap.

2. The alternator according to Claim 1 wherein:

four of said strands of wire (30) constituting said

winding sub-portions (31,32) are housed so as

to line up in each of said slots (15a) so as to

occupy a first layer, a second layer, a third layer,

and a fourth layer in a slot depth direction;

turn portions (30e,30g) formed by folding said

strands of wire (30) over outside said slots at a
first end surface of said stator core (15) are dis-

posed circumferential ly to form two rows in a
radial direction; and
turn^portions (30f,30h) formed by folding said

strands of wire (30) over outside said slots at a
second end surface of said stator core (15) are

disposed circumferential ly to form two layers in

an axial direction.
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3. The alternator according to Claim 2 wherein, in

each of slot pairs in which first and second slots

(1 5a) forming each of said slot pairs are a predeter-

mined number of slots apart:

5

said strand of wire (30) housed in said first layer

inside said first slot (1 5a) is folded over outside

said slots at said first end surface of said stator

core (15) and housed in said second layer in-

side said second slot ( 1 5a) ; w
said strand of wire (30) housed in said third lay-

er of said first slot (1 5a) is folded over outside

said slots at said first end surface of said stator

core ( 1 5) and housed in said fourth layer of said

second slot (15a); 15

said strand of wire (30) housed in said third lay-

er inside said first slot (1 5a) is folded over out-

side said slots at said second end surface of

said stator core (1 5) and housed in said second
layer inside said second slot (15a); and 20

said strand of wire (30) housed in said fourth

layer of said first slot (15a) is folded over out-

side said slots at said second end surface of

said stator core (1 5) and housed in said first lay-

er of said second slot ( 1 5a) . 25

4. The alternator according to Claim 2 wherein, in

each of slot pairs in which first and second slots

(1 5a) forming each of said slot pairs are a predeter-

mined number of slots apart: 30

said strand of wire (30) housed in said second
layer inside said first slot (15a) is folded over
outside said slots at said first end surface of

said stator core ( 1 5) and housed in said first lay-

er inside said second slot (1 5a);

said strand of wire (30) housed in said third lay-

er of said first slot (1 5a) is folded over outside

said slots at said first end surface of said stator

core (15) and housed in said fourth layer of said

second slot (15a);

said strand of wire (30) housed in said second
layer inside said first slot (15a) is folded over

outside said slots at said second end surface

of said stator core (1 5) and housed in said third

layer inside said second slot(15a); and
said strand of wire (30) housed in said fourth

layer of said first slot (15a) is folded over out-

side said slots at said second end surface of

said stator core (15) and housed in said first lay-

er of said second slot (15a).

A winding assembly for an alternator, said winding
assembly (41) comprising a winding group com-
posed of 2n winding sub-portions (31 ,32) disposed
at a pitch of p, each of said winding sub-portions

(31,32) being constructed by folding and bending
one strand of wire (30) formed from a continuous

35

40

45

50

55

wire into a pattern, said pattern having:

first straight portions (30a) disposed at a pitch

of 2np;

second straight portions (30b) disposed at said

pitch of 2np being offset by an amount w to a
first side in a width direction from said first

straight portions and offset by an amount np for-

wards relative to a direction of disposal of said

first straight portions;

third straight portions (30c) disposed at said

pitch of 2np being offset by said amount w to

said first side in said width direction from said

second portions and offset by said amount np
backwards relative to said direction of disposal

of said second straight portions;

fourth straight portions (30d) disposed at said

pitch of 2np being offset by said amount w to

said first side in said width direction from said

third straight portions and offset by said amount
np forwards relative to said direction of disposal

of said third straight portions;

first turn portions (30e) linking first ends of said

first straight portions (30a) to first ends of said

second straight portions (30b) offset by said

amount np forwards relative to said direction of

disposal of said first straight portions;

second turn portions (30f) linking second ends
of said second straight portions (30b) to second
ends of said third straight portions (30c) offset

by said amount np backwards relative to said

direction of disposal of said second straight

portions;

third turn portions (30g) linking first ends of said

third straight portions (30c) to first ends of said

fourth straight portions (30d) offset by said

amount np forwards relative to said direction of

disposal of said third straight portions; and
fourth turn portions (30h) linking second ends
of said fourth straight portions (30d) to second
ends of said first straight portions (30a) offset

by said amount np forwards relative to said di-

rection of disposal of said fourth straight por-

tions, wherein

said winding sub-portions (31 ,32) are disposed
parallel to each other at said pitch of p in said

direction of disposal such that said first to fourth

straight portions (30a-30d) form four layers in

said width direction,

said first turn portions (30e) are disposed par-

allel to each other at said pitch of p and said

third turn portions (30g) are disposed parallel

to each other at said pitch of p such that said

first turn portions (30e) and said third turn por-

tions (30g) form two rows in said direction of

disposal, and

said second turn portions (30f) are disposed

parallel to each other at said pitch of p and said
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fourth turn portions (30h) are disposed parallel

to each other at said pitch of p such that said

second turn portions (30g) and said fourth turn

portions (30h) form two layers in a longitudinal

direction of said straight portions. 5

A winding assembly for an alternator, said winding

assembly (41 B) comprising a winding group com-
posed of 2n winding sub-portions (31 ,32) disposed

at a pitch of p, each of said winding sub-portions w
being constructed by folding and bending one
strand of wire (30) formed from a continuous wire

into a pattern, said pattern having:

first straight portions (30a) disposed at a pitch 15

of 2np;

second straight portions (30b) disposed at said

pitch of 2np being offset by an amount w to a

first side in a width direction from said first

straight portions and offset by an amount np for- 20

wards relative to a direction of disposal of said

first straight portions;

third straight portions (30c) disposed at said

pitch of 2np being offset by said amount w to

said first side in said width direction from said 25

second portions and offset by said amount np
forwards relative to said direction of disposal of

said second straight portions;

fourth straight portions (30d) disposed at said

pitch of 2np being offset by said amount w to 30

said first side in said width direction from said

third straight portions and offset by said amount
np backwards relative to said direction of dis-

posal of said third straight portions;

first turn portions (30e) linking first ends of said 35

first straight portions (30a) to first ends of said

second straight portions (30b) offset by said

amount np forwards relative to said direction of

disposal of said first straight portions;

second turn portions (30f) linking second ends *o

of said second straight portions (30b) to second
ends of said third straight portions (30c) offset

by said amount np forwards relative to said di-

rection of disposal of said second straight por-

tions; 45

third turn portions (30g) linking first ends of said

third straight portions (30c) to first ends of said

fourth straight portions (30d) offset by said

amount np backwards relative to said direction

of disposal of said third straight portions; and 50

fourth turn portions (30h) linking second ends
of said fourth straight portions (30d) to second
ends of said first straight portions (30a) offset

by said amount np forwards relative to said di-

rection of disposal of said fourth straight por- 55

tions, wherein

said winding sub-portions (31 ,32) are disposed
parallel to each other at said pitch of p in said

direction of disposal such that said first to fourth

straight portions (30a-30d) form four layers in

said width direction,

said first turn portions (30e) are disposed par-

allel to each other at said pitch of p and said

third turn portions (30g) are disposed parallel

to each other at said pitch of p such that said

first turn portions (30e) and said third turn por-

tions (30g) form two rows in said direction of

disposal, and
said second turn portions (30f) are disposed

parallel to each other at said pitch of p and said

fourth turn portions (30h) are disposed parallel

to each other at said pitch of p such that said

second turn portions (30f) and said fourth turn

portions (30h) form two layers in a longitudinal

direction of said straight portions.

7. A method of manufacture for a winding assembly

(41 ) for an alternator, said method comprising steps

of:

disposing a group of 2n straight strands of wire

(30) at a pitch p in a first plane;

forming a lightning-bolt shaped pattern com-
posed of a plurality of basic patterns by folding

and bending said group of strands of wire (30)

in said plane, each of said basic patterns com-
prising:

first straight portions (30a) having a length

second straight portions (30b) having said

length l0 being linked to said first straight

portions by first inclined portions (30e) hav-
• ing a length L,, said second straight por-

tions being offset by an amount np to a first

side in a direction of disposal of said

strands of wire relative to said first straight

portions;

third straight portions (30c) having said

length l0 being linked to said second
straight portions by second inclined por-

tions (30f) having said length l 1t said third

straight portions being offset by said

amount np to a second side in a direction

of disposal of said strands of wire relative

to said second straight portions; and
fourth straight portions (30d) having said

length l0 being linked to said third straight

portions by third inclined portions (30g)

having said length l 1f said fourth straight

portions being offset by said amount np to

said first side in a direction of disposal of

said strands of wire relative to said third

straight portions,

wherein said lightning-bolt shaped pattern

is constructed by repeating said basic pat-
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tern a predetermined number of times by
offsetting said basic pattern to said first

side in said direction of disposal of said

strands of wire by fourth inclined portions

(30h) having a length 1 2, said length 1 2 be- 5

ing greater than said length I,;

forming a flattened cylindrical body (40) by fold-

ing over said group of strands of wire (30)

formed into said lightning-bolt shaped pattern 10

in a first direction at central portions of said first

and said third inclined portions (30e,30g), said

cylindrical body being constructed by helically

winding said group of strands of wire such that

said second and third straight portions (30b, 15

30d) linked by said second inclined portions

(30f) and said first and fourth straight portions

(30d,30a) linked by said fourth inclined portions

(30h) alternately occupy said first plane and a
second plane; and 20

forming a winding group by folding over said cy-

lindrical body (40) at central portions of said

second and said fourth inclined portions (30f,

30h) in a second direction such that said sec-

ond and said third straight portions (30b,30c) 25

face each other, wherein

said first to fourth straight portions (30a-

30d) are disposed parallel to each other at

said pitch of p in said direction of disposal 30

such that said first to fourth straight por-

tions (30a-30d) form four layers in said

width direction,

first turn portions (30e) formed by folding

over said group of strands of wire at said 3S

first inclined portions (30e) are disposed
parallel to each other at said pitch of p and
third turn portions (30g) formed by folding

over said group of strands of wire at said

third inclined portions (30g) are disposed *o

parallel to each other at said pitch of p such
that said first turn portions and said third

turn portions (30e,30g) form two rows in

said direction of disposal, and
second turn portions (30f) of said strands 45

of wire formed by folding over said cylindri-

cal body (40) at said second inclined por-

tions (30f) are disposed parallel to each
other at said pitch of p and said fourth turn

portions (30h) of said strands of wire so

formed by folding over said cylindrical body
(40) at said fourth inclined portions (30h)

are disposed parallel to each other at said

pitch of p such that said second turn por-

tions (30f) and said fourth turn portions 55

(30h) form two layers in a longitudinal di-

rection of said straight portions.

8. A method of manufacture for a winding assembly
(41 B) for an alternator, said method comprising
steps of:

disposing a group of 2n straight strands of wire

(30) at a pitch p in a first plane;

forming a lightning-bolt shaped pattern com-
posed of a plurality of basic patterns by folding

and bending said group of strands of wire (30)

in said plane, each of said basic patterns com-
prising:

first straight portions (30a) having a length

'0;

second straight portions (30b) having said

length l0 being linked to said first straight

portions by first inclined portions (30e) hav-

ing a length l1f said second straight por-

tions being offset by an amount np to a first

side in a direction of disposal of said

strands of wire relative to said first straight

portions;

third straight portions (30c) having said

length l0 being linked to said second
straight portions by second inclined por-

tions (30f) having said length l 1f said third

straight portions being offset by said

amount np to said first side in a direction of

disposal of said strands of wire relative to

said second straight portions; and
fourth straight portions (30d) having said

length l0 being linked to said third straight

portions by third inclined portions (30g)
having said length I,, said fourth straight

portions being offset by said amount np to

a second side in a direction of disposal of

said strands of wire relative to said third

straight portions,

wherein said lightning-bolt shaped pattern

is constructed by repeating said basic pat-

tern a predetermined number of times by
offsetting said basic pattern to said first

side in said direction of disposal of said

strands of wire by fourth inclined portions

(30h) having a length 1 2, said length 1 2 be-

ing greater than said length I,;

forming a flattened cylindrical body (40B) by
folding over said group of strands of wire

formed into said lightning-bolt shaped pattern

in a first direction at central portions of said first

and said third inclined portions (30e,30g), said

cylindrical body (40B) being constructed by hel-

ically winding said group of strands of wire (30)

such that said second and third straight por-

tions (30b,30c) linked by said second inclined

portions (30f) and said first and fourth straight

portions (30a,30d) linked by said fourth inclined
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portions (30h) alternately occupy said first

plane and a second plane; and
forming a winding group by folding over said cy-

lindrical body (40B) at central portions of said

second and said fourth inclined portions (30f, 5

30h) in a second direction such that said sec-

ond and said third straight portions (30b,30c)

face each other, wherein

said first to fourth straight portions (30a- 10

30d) are disposed parallel to each other at

said pitch of p in said direction of disposal

such that said first to fourth straight por-

tions (30a-30d) form four layers in said

width direction, is

first turn portions (30e) formed by folding

over said group of strands of wire at said

first inclined portions (30e) are disposed

parallel to each other at said pitch of p and
third turn portions (30g) formed by folding 20

over said group of strands of wire at said

third inclined portions (30g) are disposed

parallel to each other at said pitch of p such
that said first turn portions (30e) and said

third turn portions (30g) form two rows in 25

said direction of disposal, and
second turn portions (30f) of said strands

of wire formed by folding over said cylindri-

cal body (40B) at said second inclined por-

tions (30f) are disposed parallel to each 30

other at said pitch of p and said fourth turn

portions (30h) of said strands of wire

formed by folding over said cylindrical body
(40B) at said fourth inclined portions (30h)

are disposed parallel to each other at said 35

pitch of p such that said second turn por-

tions (30f) and said fourth turn portions

(30h) form two layers in a longitudinal di-

rection of said straight portions.
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FIG. 4
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FIG. 5
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FIG. 9
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FIG. 15
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